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The  steady-state  normal  acceleration  change  per  unit  change 
in  angle  of  attack  for  an  incremental  pitch  control  deflection 
at  constant  speed,  g/radians 

Roll  rate  about  the  x-axis,  radians /second 

Fhase  margin  for  the  altitude  loop,  degrees 

Pitch  rate  about  tbe  y-axis,  radians  /second 
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Dynamic  pressure,  pounds /feet 

Yaw  rate  about  the  z-axis,  radians /second 

Pilot  rating;  calculated  'rom  rating  expression 

Laplace  transform  variable,  1 /second 

Wing  area,  feet^ 

Time,  seconds 

Control  input  ramp  time,  seconds 
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!mt  *or  J7ie  ro^  ascillc.tioa  in  the  sideslip  response 


to  reach  the  p.-  local  maximum  for  a  right  pulse  roll 
command,  or  the  nrii  local  minimum  for  a  left  command 
‘.See  Figures  8  and  9  of  paragraph  6  2.6) 


Thrust. 


pounds 
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Ts...e  to  double  amplitude,  T~2  -  for  an  oscillation. 

'2  -G.  693  T  for  a  first  order  divergence,  seconds 

Damped  period  of  the  Dutch  roil,  seconds, 

Aperiodic  root  of  tne  longitudinal  hovering  cubic  characteristic 
eauation,  seconds”* 


Real  roots  of  the  longitudinal  hovering  cubic  characteristic 
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equation,  seconds' 7 

First  order  zero  of  the  hovering  pitch  attitude  to  pitch  control 
transfer  function,  seconds-* 

Pilot  lead  time  constant  in  pitch,  seconds 

Pilot  lead  time  constant  in  longitudinal  displacement,  seconds 
Total  velocity  along  the  x  reference  axis 

Incremental  velocity  along  the  x  reference  axis,  feet/second 
Random  gust  velocity  along  the  x  body  axis,  feet/ second 
Incremental  velocity  along  the  y  reference  axis,  feet/second 
Random  gust  velocity  along  the  y  body  axis,  feet/ second 
Airspeed,  along  the'flight  path 

Shorthand  notation  for  the  speeds  V  ,  V  for  a  given 
-  . .  .  ,  max  min 

comiguration,  weight,  center-of-gravity  position,  and 

external  store  combination  associated  »ith  Flight  Phase  X 
Speed  for  maximum  endurance 

Speed  for  maximum  range  in  zero  uind  conditions 
High  speed,  level  flight,  maximum  augmented  thrust 
Maximum  service  speed  (defined  in  3.  1.8.  1) 

Minimum  service  speed  (3.  1.8.2) 
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SYMBOLS 


”m*s 


Vc~ 


VS(X) 


*r 


^5 

W 


X 

X 


Maximiiai  operational  speed  {defined  in  3.  1. 7} 

Minimum  operational  speed  (3.1.7) 

The  speed  which  establishes  the  upper  limit  of  applicability 
of  the  requirements  of  this  specification  and  the  lower  limit 
of  applicability  cf  the  requirements  of  MIL-F-8785.  No 
more  precise  definition  of  Vcon  will  be  attempted  as  it  is 
assumed  that  Vcon  will  be  chosen  by  the  contractor  subject  to 
approval  by  the  procuring  activity.  Factors  to  be  considered 
in  the  selection  of  Vcon  are  discussed  in  6.  7  of  Reference  1. 

The  maximum /minimum  operational  speed  associated  with 
Flight  Phase  X 

St'.ll  Speed  as  defined  in  Reference  84 
Stall  speed  associated  with  Flight  Phase  X 
Equivalent  airspeed 
7  rue  airspeed 

Unlock  speed.  That  is  the  maximum  speed  at  which  the  wings, 
ducts,  etc.  can  be  unlocked  and  conversion  commenced, 
knots  EAS 

Incremental  velocity  along  the  z  reference  axis,  feet/second 
Initial  trim  velocity  along  the  z  reference  axis,  feet /second 
Random  gust  velocity  along  the  z  body  axis,  feet/second 
Weight,  pounds 

Body-fixed  axis  of  the  aircraft,  along  the  projection  of  the 
undisturbed  (trim  or  operating-point)  velocity  onto  the  plane  of 
symmetry,  with  its  origin  at  the  c.  g.  Positive  forward. 

Force  along  the  x-axis,  aerodynamic  plus  thrust,  pounds 

"  ~dT  *  £  =  Sms  '***  ’  9  9 

feet 


second^-  {units  of  l  ) 


Body-fixed  axis  of  the  aircraft  perpendicular  to  the  plane  of 
symmetry,  directed  out  the  right  wing,  with  its  origin  at  the 
c.  g. 
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z 
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Force  aiong  the  y-axis,  aerodynamic  plus  thrust,  pounds 

f  9Y  •  <r  <- 

-  —  -Li.  ;  t  =  v,  ir,  f>3  K ,  Oj^  t  aeP 

*i  St 

feet 

second^  -  (units  of  t  ) 

Body-fixed  axis  of  the  aircraft,  directed  downward  perpendicular 
to  the  x  and  y  axes,  with  its  origin  at  the  c.g. 

Force  along  the  z-axis,  aerodynamic  plus  thrust,  pounds 

1  92  <r  c  e 

-  —  — —  j  1  =  j 

M  9t 

feet 

second^  -  (units  of  i  ) 


Angle  of  attack,  the  angle  between  the  fuselage  reference  line 
and  the  projection  of  the  relative  wind,  measured  in  the  plat  e 
of  symmetry.  Positive  angle  of  attack  corresponds  to  flow 
approaching  from  below  the  x-y  plane. 

Sideslip  angle,  the  angle  between  the  relative  wind  and  the 
projection  of  the  relative  wind  on  the  x-z  plane  of  symmetry, 
positive  sideslip  corresponds  to  flow  approaching  from  the 
right  side  of  the  plane  of  symmetry. 

The  maximum  change  in  sideslip  following  an  abrupt  roll 
control  pulse  command  v  ithin  time  -  where  t is 

the  lesser  of  6  seconds  or  one-half  the  Dutch  roll  period, 
and  is  measured  from  a  point  halfway  through  the  duration 
of  the  pulse  command  (Figures  8  and  9)  degrees 

,  .  -1  vertical  speed  .  .  r  ,  -  , 

Climb  angle,  =  sin - c -  ,  positive  for  climb 

tru  t  airspeed 

Used  in  combination  with  other  parameters  to  denote  an 
incremental  change  from  the  initial  value 

Displacement  of  the  cockpit  roll  control  along  its  path,  positive 
control  produces  right  rolling  moments,  inches 

Cockpit  pitch  control  deflection,  positive  control  produces 
nose-up  pitching  moments,  inches 

Cockpit  yaw  control  deflection,  positive  produces  nose-right 
yawing  moments,  inches 

Flap  deflection  ~  degrees 
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SYMBOLS 
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5- 


0 

z 

z 


s«  ,<&. 


r« 
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Thrust  magnitude  control  deflection 
Thrust  vector  angle  control  position 
Damping  ratio 

Damping  ratio  of  the  Dutch  roll  oscillation 
Damping  ratio  of  the  phugoid  oscillation 

Damping  ratio  of  the  longitudinal  short-period  oscillation 

Damping  ratio  of  the  numerator  quadratic  of  the  0/5^ 
transfer  function 

Pitch  angle,  angle  between  the  fuselage  reference  line  and  the 
horizontal,  positive  nose-up,  radians 

Thrust  vector  angle,  wing  tilt  angle,  etc. 


Aperiodic  root  of  the  longitudinal  hovering  cubic  characteristic 
equation,  seconds'  ^ 

Standard  deviation  of  longitudinal  displacement,  feet 

Standard  deviation  of  pitch  rate,  radians /second 

Root- mean- square  intensities  of  ,  %r  respectively, 

feet  /second  ^  ^ 

Square  root  of  the  ratio  of  air  density  at  a  given  altitude  to 
sea  level  density 

First-order  time  constant,  seconds 
First-oruer  time  constant  in  thrust  control  system 
Roll  mode  time  constant,  seconds 
Spiral  mode  time  constant,  seconds 

Bank  angle  measured  in  the  y-z  plane,  between  the  y-axis 
and  the  horizontal,  positive  right  wins  down,  radians 

Bank  angles  at  the  first,  second  and  third  peaks,  respectively 
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0*, 


4. 


A  measure  of  the  ratio  of  the  oscillatory  component  of  hank 
angle  to  the  average  component  of  bank  angle  folio**  ing  an 
impulse  roll  control  command  with  yaw  control  free: 
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Maximum  roll  control  power 


.  radians  /second 


I  <?  '  At  any  instant,  the  ratio  of  amplitudes  of  the  bank-angle  and 

i  P  sideslip-angle  envelopes  in  the  Dutch-roll  mode 


Ya»  angle,  positive  nose  right,  radians 
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c^> 
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Phase  angle  expressed  as  a  lag  tor  a  cosine  representation 
of  the  Dutch  roll  oscillation  in  sideslip,  where 

-3«> 

$/  -  -  tH  ~  ( n  -  1  )  360  (degrees) 

*  Td  ? 

with  n  as  in  f. 

y 

Yaw  angle  change  within  one  second  following  a  one  inch 
step  yaw  control  input,  degrees 

imaginary  part  of  a  complex  dynamic  root,  radians /second 
Cross-over  frequency,  radians /second 

Undamped  natural  frequency  of  second  order  system,  radians/second 

Undamped  natural  frequency  of  the  Dutch  roll  oscillation,  radians /second 
(u>  >  0  is  indicative  of  positive  weathercock  stability-) 

V 

Undamped  natural  frequency  of  the  phugoid  oscillation,  rad’ias  /'second 

Un da.rnped  natural  frequency  of  the  short-period  oscillation, 
radians ,  second 

Frequency  cf  numerator  quadratic  of  transfer  function 

dot  denotes  differentation  with  respect  to  time 
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ABBREVIATIONS 


c-g- 

EAS 

FOP 

IFfi 

kt 


Center  of  gravity 
Equivalent  airspeed 
Fixed  operating  point 
Instrument  (light  rules 
Knots 


mph 


Miles  per  hour 


MAT 

MRT 


MSC 


Maximum  augmented  thrust:  maximum  thrust,  augmented  by 
all  means  available  for  the  Flight  Phase 

Military  rated  thrust,  which  is  the  maximum  thrust  at  which 
the  engine  can  be  operated  for  a  specified  period 

Mean  sea  level 


NRT 

PIO 

SAS 

TAS 

V/STOL 

VFR 


Normal  rated  thrust,  which  is  the  maximum  thrust  at  which 
the  engine  can  be  operated  continuously 

Pilot-induced  oscillation 

Stability  augmentation  system 

True  airspeed 

Vertical /short  takeoff  and  landing 
Visual  flight  rules 
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Section  1 


INTRODUCTION 


This  document  is  published  in  support  of  Military  Specification  MLL-F- 
83300  "Flying  Qualities  of  Piloted  V/STOL  Aircraft"  (Reference  1),  as  part 
of  a  four  year  long  program  performed  by  Cornell  Aeronautical  Laboratory 
(CAL)  for  the  Air  Force  Flight  Dynamics  Laboratory.  The  intent  of  this 
document  is  to  explain  the  concept  and  philosophy  underlying  the  V/STOL 
Specification  and  to  present  some  of  the  data  and  arguments  upon  which  the 
requirements  were  based. 

The  -resented  material  was  obtained  or  generated  following  an  exten¬ 
sive  literature  review  and  after  many  meetings  and  discussions  with  person¬ 
nel  from  essentially  all  concerned  civilian  and  governmental  organizations. 

A  number  of  subcontracts  were  performed  to  obtain  supplemental,  experimen¬ 
tal  and  analytical  data.  The  results  of  these  efforts  have  been  published 
separately. 

Section  II  outlines  the  historical  development  of  the  project  and  ac¬ 
knowledges  the  many  organizations,  both  industrial  and  governmental,  that 
contributed  comments,  criticisms  and  suggestions  in  the  form  of  review 
comments. 

The  philosophy  and  structure  of  the  specification  is  outlined  in  Section 
III.  This  attempts  to  give  the  user  of  the  specification  an  appreciation  fcr  the 
manner  in  which  the  requirements  have  been  grouped;  especially  in  distin¬ 
guishing  between  the  fixed  operating  point  requirements  a  .d  the  requirements 
for  the  actual  transition  maneuver. 

Section  IV  presents  a  review  cf  the  entire  1  /STOL  Specification,  in 
order,  paragraph  by  paragraph.  The  format  use  '  is  to  present  the  pertinent 
paragraph,  or  group  of  paragraphs  from  the  Specification,  and  then  to  follow 
this  with  a  discussion  of  the  requirement.  Attention  is  directed  at  explaining 
the  intent  of  the  requirement,  a  discussion  of  the  theoretical  background  and 
experimental  data  on  which  the  requirement  is  based,  and  a  discussion  of  the 
possible  limitations  or  inadequacies  of  the  requirement.  Where  a  similar 
requirement  or  design  criteria  existed  before,  the  earlier  version  is  men¬ 
tioned  to  provide  a  basis  for  comparison. 
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Section  II 

HISTORICAL  DEVELOPMENT 


The  development  of  2  flying  qualities  specification  or  V/STOL  a  ir  - 
cra*^  was  one  of  the  prune  efforts  of  an  Air  Force  advanced  development  pro¬ 
gram  called  the  V  fOL  Integrated  Flight  Control  System  (VIFCS)  program. 

As  originally  conceived,  this  program  had  four  basic  parts  which  can  be 
briefly  described  as: 

Flight  control  system  design,  integration,  and  test  including 
definition  of  the  total  flight  control  system  criteria  to  meet 
VTOL  requirements,  and  integration  and  fabrication  of  a  total 
flight  control  system  for  control  technology  demonstration  and 
validation  in  a  modified  XV -4. 

2.  Analysis,  design,  development,  and  flight  investigation  of 
specific  flight  path  display  techniques  suitable  for  all-weather 
operation  and  their  integration  with  the  pilot-control  system 
combination. 

3.  Development  of  VTOL  handling  qualities  design  criteria. 

4.  Modification  of  a  jet  VTOL  airplane  (the  XV-4)  for  use  as  a 
variable  stability  test  vehicle  (the  XV-4B). 

The  Cornell  Aeronautical  Laboratory,  Inc.  (CAL)  was  awarded  a 
contract  for  part  three  above  in  April  1966.  Under  the  contract,  CAL's  over¬ 
all  responsibilities  included: 

1.  experimental  simulator  investigations  into  the  handling  qualities 
of  YTOL  airplanes, 

2.  developing  techniques  ior  analyzing  and  evaluating  VTOL 
handling  qualities,  and 

3.  utilizing  experimental  data  and  analysis  to  generate  VTOL 
handling  qualities  requirements  ami  design  criteria. 

The  initial  effort  during  the  first  year  of  the  program  involved  a  sur¬ 
vey  of  the  VTOL  flying  qualities  literature.  This  involved  reading  many 
reports  and  papers  and  attempting  to  digest  the  relevant  information,  data, 
opinions,  ideas,  and  methods  presented  by  var  .ous  authors  re  presenting 
different  agencies  and  companies. 

In  order  to  supplement  the  literature  surveys,  a  series  of  meetings 
v?as  held  with  representatives  of  airframe  companies  engaged  in  design, 
development,  and  manufacture  of  VTOL  aircraft.  At  these  meetings,  held 
during  the  weeks  of  10  October  1966  and 24  October  1966,  the  attendees 
discussed: 


2 


U P 


{}}  views,  feelings  and  opinions  on  the  applicability  of  existing 
handling  qualities  documents  to  VTOL  aircraft,  and 

(2)  the  format  and  content  of  a  future  VTOL  handling  qualities 
specification. 

The  following  manufacturers  were  represented: 

Bell  Aerosystems 
Dell  Helicopter 
Boeing 
Canada  ir 

General  Dynamics  -  Ft,  Worth 

Grumman 

Kaman 

Ling  -Temco V ought 
Lockheed  -California 
Lockheed  -Georgia 
McDonnell 
Norair 

Nnr-h  A»n^rican  Aviation  -  Columbus 

North  American  Aviation  -  Los  Angeles 

Republic 

Ryan 

Sikorsky 

In  addition,  the  following  government  agencies  and  contractors  were 
present: 


Air  Force  Flight  Dynamics  Laboratory 
Air  Force  Aeronautical  Systems  Division 
Air  Force  Flight  Test  Center 
Army  Aviation  Materiel  Laboratories 
Cornell  Aeronautical  Laboratory,  Inc. 

Federal  Aviation  Agency 

National  . .eronautics  and  Spice  Administration 
Systems  Technology,  Inc. 

By  providing  a  broad  view  of  the  overall  V/STOL  flying  qualities 
picture,  the  literature  surveys  and  meetings  established  a  basis  for  more 
intelligent  planning  and  coordination  of  the  subsequent  program  activities. 
Reference  2  summarises  Some  of  the  results  of  the  first  year  efforts. 

To  promote  the  c. ctainment  of  the  flying  program  objectives,  CAL 
was  authorized  to  issue  subcontracts.  These  subcontracts  were  planned  and 
coordinated  so  that  the  work  devoted  to  preparing  a  V/STOL  flying  qualities 
specification  would  benefit  from  the  experimental  and  analytical  capability 
of  other  organizations  known  to  have  a  direct  interest  in  V/STOL.  It  should 
be  mentioned  that  although  the  specification  work  originated  as  part  of  a 
broad  Air  Force  program  that  included  the  development  of  the  variable  sta¬ 
bility  XV-4B,  the  unfortunate  loss  of  this  aircraft  elimii  ted  the  possibility 
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of  fulfilling  a  LI  of  the  V1FCS  program  objective*  within  the  original  time¬ 
tables.  Thus  the  subcontract  efforts  took  on  additional  importance  as  a  means 
of  acquiring  relevant  data  and  information  to  use  in  formulating  a  flying  qual¬ 
ities  specification. 

During  the  course  of  the  program,  four  organizations  participated  as 
subcontractors:  United  Aircraft  Research  Laboratories  (UARL),  Systems 
Technology  Inc.  (ST1),  Northrop-No*  air,  and  National  Research  Council  of 
Canada  (NRC).  Each  subcontractor  was  selected  so  that,  as  shown  in  the 
following  listing,  V/STOL  flying  qualities  could  be  systematically  investigated 
by  using  different  techniques  and  approaches  to  acquire  and  analyze  data. 

UARL  _  fixed-base  simulation 

S~I  _  pilot  model  analyses 

Norair  _  moving -base  simulation 

NRC  -  flight  simulation  with  VSS  helicopter 


Both  UARL  and  SIT  were  awarded  two  subcontracts.  The  first  sub¬ 
contracts  were  initiated  in  late  1966  with  work  performed  throughout  most 
of  1967.  The  second  subcontracts,  basically  extensions  of  the  first,  were 
pursued  throughout  most  of  1968.  Both  the  Norair  and  NRC  work  was 
started  early  in  1968  and  continued  for  one  year. 

CAL  efforts  during  1967  and  1968  were,  in  addition  to  administering 
the  subcontracts  and  participating  in  the  simulations,  concentrated  on  for¬ 
mulating  flying  qualities  requirements  using;  the  pertinent  data  in  the  liter¬ 
ature  and  the  data  generated  during  the  subcontracts  as  it  became  available. 
This  work  culminated  in  the  publication  in  October  1968  of  the  first  version 
of  a  proposed  V/STOL  flying  qualities  specification  (Reference  3)  along  with 
an  accompanying  report  containing  related  backup  information  and  data 
{Reference  4).  Both  of  these  documents  were  submitted  to  industry  for  re  - 
vie**.  Renew  comments  were  returned  by  the  following  industry  organiza¬ 
tions: 


Bell  Aerosy stems  Company 
Boeing  -Seattle 
Boe  ing  -  Vertol 
Grumman 

Ling  -Temco V ought 
Lockheed  -  California 
Lockheed  -  Georgia 
McDonnell 

North  American  Rockwell  -  Los  Angeles 

Ryan 

Sikorsky 

The  two  documents  wer;  also  reviewed  by,  and  comments  received  from, 
the  following  Government  agencies: 
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Air  Force  Flight  Dynamics  Laboratory 
Air  Force  Aeronautical  Systems  Division 
Air  Force  Flight  Test  Center 
Army  Aviation  Materiel  Laboratories 
National  Aeronautics  and  Space  Administration 
Naval  Air  Systems  Command 

CAL  then  proceeded  with  a  ihoicugh  study  of  the  review  comments 
along  with  continued  data  analysis  during  much  of  1969.  A  revised  specifica¬ 
tion  was  prepared  in  September  1969  {Reference  5).  In  October  1969, 
Reference  5  was  jointly  reviewed  by  representatives  of  the  Air  Force,  Army, 
Navy  and  CAL.  This  Latter  review  took  place  in  order  to  screen  Reference  5 
prior  to  submitting  it  to  a  second  cycle  of  industry  review.  Some  changes 
were  recommended  and  these  changes  were  incorporated  into  the  pertinent 
•  requirement  paragraphs  and  resulted  in  the  publication  of  Reference  6. 

A  new  document  entitled  Background  Information  and  User  Guide 
(BIUG)  (Reference  7)  was  then  prepared  by  CAL  and  in  January  1970  these 
two  documents  (References  6  and  7)  were  distributed  to  industry  and 
Government  agencies  for  a  second  review  cycle. 

Detailed  review  comments  were  received  from  the  following  organi¬ 
zations: 


Bell  Aerospace 

Boeing  -  Military  Airplane  Systems  Division 
Boeing  -  Vertol  Division 
Flight  Systems 

General  Dynamics,  Ccmvair  Division 
General  Electric.  Aircraft  Equipment  Division 
Grumman  Aerospace 
Lockheed  -  Georgia 

LTV  Aerospace  - V ought  Aeronautics  Division 
McDonnell  Aircraft 

North  American  Rockwell  -  Auto  net  ics  Division 

North  American  Rockwell  -  Columbus  Division 

North  American  Rockwell  -  Los  Angeles  Division 

Northrop  -  Aircraft  Division 

Princeton  University 

Teiedyne  Ryan  Aeronautical 

United  Aircraft  Research  Laboratories 

United  Aircraft  -  Sikorsky  Aircraft  Division 

In  addition,  letters  giving  an  overall  appraisal  were  received  from: 

Bell  Helicopter  Co. 

Douglas  Aircraft  Co. 

Kaman  Aerospace  Co. 

The  documents  were  also  reviewed  by,  and  w:  itten  comments  re  - 
ceived  from, the  following  U.S.  Government  and  foreign  agencies: 
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Air  Force  Flight  Dynamics  Laboratory 
Aerospace  Research  Pilots  School 

British  Ministry  of  Technology  (A  ano  AEEE  Boscombe  Down) 
Dornier  Company 

Messerschm itt  -  Boelkcrw  -  Blohm  GMBH 

On  the  basis  of  these  comments,  CAL  prepared  some  suggested 
changes  and  in  April  1970  distributed  copies  to  potential  attendees  of  an  Air 
Force  -  Navy  -  Army  review  meeting.  This  review  took  place  at  the  end  of 
April  1970  and  substantial  agreement  on  a  final  version  was  obtained  by  the 
Air  Force,  Navy  and  Army  representatives. 

Resolution  of  final  details  continued  until  about  4  July  1970  when  CAL 
published  a  new  version  (Reference  8  ).  The  Air  Force  made  some  minor 
additional  changes  and  printed  a  version  which  was  distributed  for  the  third 
and  final  review  coordination  (Reference  9  ).  Detailed  review  comments 
were  received  from  the  following  organizations: 

Boeing  Military  Airplane  Systems  Division 
Boeing  Vertol 

General  Dynamics  -  Convair  Division 

Grumman  Aerospace 

Kaman 

Lear  Siegler,  Astronics  Division 
Lockheed  -  California 
Lockheed  -  Georgia 

LTV  Aerospace  -  V ought  Aeronautics  Division 
McDonnell  Douglas  -  Douglas  Aircraft 
McDonnell  Douglas  -  McDonnell  Aircraft 
North  American  Rockwell  -  Autonetics  Division 
North  American  Rockwell  -  Columbus  Division 
North  American  Rockwell  -  Los  Angeles  Division 
Northrop  -  Aircraft  Division 
Sperry  -  Flight  Systems  Division 
Systems  Techno'ogy  Incorporated 
Teledyne  Ryan  Aeronautical 
United  Aircraft  Research  Laboratories 
United  Aircraft  -  Sikorsky  Aircraft  Division 

These  comments  were  reviewed  and  several  changes  made  to  the 
specification  requirements.  The  final  version  was  agreed  to  by  the  Air 
Force  and  Navy  representatives  on  1 1  December  1970,  and  submitted  for 
adoption  as  MIL-F -83300.  During  development  of  the  specification  it  was 
intended  to  cover  all  V/STOL  aircraft,  including  helicopters,  for  the  Air 
Force,  Navy  and  Army.  At  the  time  of  publication  of  this  report,  the  spec¬ 
ification  has  been  adopted  by  the  Air  Force  for  all  V/STOL' s,  by  the  Navy 
for  all  except  helicopters,  and  the  Army  has  not  made  any  commitment. 

Vile  Reference  9  was  being  reviewed,  CAL  prepared  the  draft  of 
a  new  Background  Information  and  User  Guide  (BIUG)  for  the  specifica¬ 
tion.  The  purpose  of  the  BIUG  is  to  document  the  substantiating  data  used 


<>  ***•  specification  and  also  provide  notes  and  explanations  which  should  help 

< >  t^he  user  of  the  specification.  The  draft,  which  formed  the  basis  of  thjs 

report,  was  submitted  to  the  Air  Force  on  15  September  1970.  The  review 
comments  were  given  to  CAL»  on  11  December  1970.  These  comments  and 
the  most  recent  changes  made  to  the  specification  were  incorporated,  and 
the  final  version  was  submitted  for  publication  1  February  1971. 


Section  ID 


SPECIFICATION  STRUCTURE  AND  PHILOSOPHY 


The  V/STOL  Specification  contains  »uc  main  sections: 

1.  Scope  and  Classifications 

2.  Applicable  Documents 

3.  Requirements 

4.  Quality  Assurance  Provisions 

5.  Preparation  for  Delivery 

6.  Notes. 

As  is  usual  with  specifications,  the  Index  is  at  the  end. 

The  bulk  of  the  material  is  contained  in  the  Requirements  section 
which  is  broken  down  into  eight  subsections: 

3.  1  General  requirements 

3.2  Hover  and  low  speed 

3.  3  Forward  flight 

3.4  T  ransitioo 

3.  5  Characteristics  of  the  flight  control  system 

3.  6  Takeoff,  landing  and  ground  handling 

3.  7  Atmospheric  disturbances 

3.  8  Miscellaneous  requirements. 

As  the  title  implies.  Section  1  Scope  and  Classifications,  defines  the 
scope  and  application  of  the  specification.  It  also  defines  the  framework  for 
classifying  the  aircraft,  the  mission  Flight  Phases  and  the  Levels  of  flying 
qualities. 

The  Requirements  section  commences  with  a  general  statement.  This 
provides  a  detailed  explanation  of  the  framework  used  to  determine  the  con¬ 
ditions  at  which  the  requirements  of  the  specification  should  be  applied.  The 
conditions  of  the  aircraft  which  have  to  be  considered  are  defined,  and  the 
framework  for  determining  the  corresponding  flight  conditions,  primarily  in 
terms  of  speed,  altitude  and  load  factor,  is  explained.  In  addition,  a  de¬ 
tailed  explanation  is  given  for  applying  the  concept  of  Levels  of  flying 
qualitie  . 

The  stability  and  response  requirements  are  written  for  two  flight 
regimes: 

Fixed  Operating  Point  Flight 
Accelerated  Flight. 
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Fixed  Operating  Point  (FOP)  Flight 

This  is  the  name  that  has  been  used  for  flight  consisting  of  maneuvering 
about  a  constant  trim  condition.  For  this  condition,  the  techniques  of  linearized 
constant  coefficient  analysis,  which  have  been  used  for  years  on  conventional 
aircraft,  seem  to  apply.  As  a  result,  the  conventional  techniques  of  under¬ 
standing  and  specifying  flying  qualities  have  been  extrapolated  into  the  lower 
speed  range. 

Quantitative  requirements  are  place  i  on  familiar  concepts  such  as 
static  stability,  dynamic  stability,  control  power,  response  to  control  inputs 
(sensitivity),  and  control  lags. 

The  requirements  have  to  cover  all  speeds  from  hover  to  Vcon,  where 
V con  is  the  speed  at  which  the  requirements  of  the  conventional  airplane 
specification,  MIL-F-8785B,  Reference  10,  begin  to  apply.  Within  this  speed 
range  significant  changes  take  place  which  make  it  necessary  to  change  the 
flying  qualities  requirements.  Examples  of  this  will  be  apparent  in  the  detailed 
discussion  of  requirements;  the  reasons  can  be  summarized  as  follows: 

•  The  characteristic  modes  of  motion  undergo  substantial  changes  in 
form,  as  forward  speed  increases. 

•  The  change  from  direct  lift  to  aerodynamic  lift,  as  forward  speed 
increases,  results  in  changes  in  important  stability  derivatives,  and 
necessitates  changes  in  pilot  control  technique. 

•  The  parameters,  and  the  specific  values  of  those  parameters,  which 
adequately  describe  a  level  of  handling  qualities  in  hover,  are 
inadequate  or  inappropriate  to  assure  a  similar  level  at  high  forward 
speeds. 

It  would  be  ideal  if  the  requirements  could  be  made  a  continuous 
function  of  some  parameter  such  as  speed.  Unfortunately  the  detail  of  existing 
knowledge  of  V/STOL  flying  qualities  has  not  allowed  this,  and  so  a  two  part 
arrangement  has  been  chosen  with  the  division  ZZ  Lots.  There  is  nothing 
profound  about  35  knots  -  it  is  a  comprcr-jse  chosen  on  the  basis  of  our 
present  understanding  and  includes  the  following  considerations: 

•  There  is  a  substantial  amount  of  published  data  resulting  from 
experiments  done  in  and  around  the  hover  condition.  These  experi¬ 
ments  typically  involved  tasks  in  which  the  vehicle  achieved 
translation  velocities  as  high  as  35  knots. 

•  Many  aircraft  begin  to  develop  "  significant*  amounts  of  aerodynamic 
lift  above  35  knots,  at  which  time  there  often  exists  a  basic  change  in 
the  dynamics.  For  example,  one  usually  finds  that  hover  approxima¬ 
tions,  such  as  an  effectively  decoupled  height  (or  «r)  mode,  begin  to 
break  down  at  about  35  knots. 
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a  Along  with  the  changing  nature  of  the  dynamics  there  is  usually  a 
change  in  the  piloting  technique, 

•  Hovering  over  a  spot  at  any  angle  to  a  35  knot  wind  is  a  require¬ 
ment  of  the  proposed  specification  (and  others).  Consideration  was 
given,  by  the  Air  Force,  to  increasing  the  wind  speed  in  which 
hovering  capability  is  required.  However,  it  was  found  that  the 
probability  of  encountering  winds  greater  than  30-40  kncrts  did  not 
justify  a  change.  Certainly  winds  higher  than  35  knots  can  be 
encountered,  but  it  was  assumed  that  the  margin  of  the  Service 
Flight  Envelope  over  the  Operational  Flight  Envelope  will  provide 
Level  2  hovering  capability  at  speeds  greater  than  35  knots.  Further 
margins  may  have  to  be  demanded  in  special  cases. 

•  Since  35  knots  is  a  satisfactory  dividing  speed  from  the  point  of  view 
of  both  aircraft  dynamics  and  operational  considerations,  it  was 
convenient  to  group  the  requirements  by  speeds.  If  it  had  been 
decided  that  hovering  capability  was  necessary  up  to  some  sig¬ 
nificantly  higher  speed  such  as  60  knots,  then  a  more  complex 
division  of  the  dynamics  and  operational  aspects  would  have  been 
necessary  and  thereby  created  the  need  for  a  much  more  com¬ 
plicated  specification  structure. 

1  'f 

With  the  step  change  at  35  knots,  considerable  care  has  been 
exercised  to  allow  the  requirements  for  speeds  less  than  35  knots  to  blend 
with  the  requirements  for  speeds  greater  than  35  knots,  and  to  blend  with 
the  requirements  of  MIL-F-8785B  at  Vcon. 

Sections  3.  2  and  3.  3  then,  provide  requirements  for  Fligh  Phaser 
which  involve  maneuvering  about  trim  speeds  in  the  range  ±  35  knots  and 
35  knots  to  VCOn  respectively.  For  example,  an  STOL  aircraft  required  to 
perform  its  landing  approach  at  60  knots  would  have  to  satisfy  the  require¬ 
ments  of  3.  3  for  that  flight  condition.  A  V/STOL  which  has  to  be  able  to 
perform  tasks  involving  flight  at  23  knots  has  to  satisfy  the  requirements  of 
3.2  at  that  flight  condition.  An  aircraft  with  an  Operational  Flight  Phase 
which  spans  35  knots  has  to  satisfy  3.2  and  3.3  at  the  appropriate  flight 
conditions. 

Accelerated  Flight 

When  considering  the  flying  qualities  of  conventional  aircraft  it  has 
been  possible  to  virtually  ignore  the  effects  of  acceleration  (acceleration 
referring  here  to  changing  flight  condition,  particularly  speed,  rather  than 
accelerations  due  to  maneuvering)  except  for  a  few  special  conditions,  such 
as  passing  through  the  transonic  speed  range.  This  happy  circumstance  is 
probably  because  the  changes  occur  relatively  slowly  when  compared  to  the 
frequencies  of  the  rigid  body  modes.  The  acceleration  capabilities  c*f  a 
V/STOL  and  the  significant  changes  in  dynamics  and  response  which  occur 
between  zero  speed  and,  say,  100  knots  make  it  unlikely  that  we  will  be  so 
lucky  with  V/STOL  aircraft.  It  is  desirable  that  a  good  understanding  of 
the  importance  and  extent  of  the  transition  problem  be  obtained  as  soon  as 


possible. 


Unfortunately  the  dynamics  involved  in  a  rapid  transition  are  not  yet 
well  understood.  For  understanding,  it  is  tempting  to  consider  the  dynamics 
of  transition  as  though  represented  by  a  sequence  of  equilibrium  or  fixed 
operating  points.  Figures  1  and  2  show  how  the  longitudinal  dynamics  of  the 
X-22A  change  for  such  a  sequence  of  points;  Figure  1  showing  the  basic  air¬ 
craft  roots,  and  Figure  2  showing  the  roots  for  SAS  on,  or  augmented. 

Clearly  the  changes  in  dynamics  are  considerable,  so  bearing  in 
mind  that  the  changes  can  occur  in  as  little  as  18  seconds,  the  question  is 
how  to  interpret  these  changes.  There  is,  as  yet,  no  general  answer  to  this 
question;  however,  some  comments  can  be  made. 

First,  if  one  does  wish  to  treat  the  accelerated  flight  condition  as  a 
series  of  "frozen  points"  it  is  necessary  to  evaluate  the  aerodynamic  charac¬ 
teristics  for  the  appropriate  aircraft  state.  An  aircraft  such  as  the  X-22A 
can  encounter  a  wide  range  of  speeds  and  power  settings,  at  a  given  conver¬ 
sion  angle,  depending  on  the  rate  of  conversion  and  whether  accelerating  or 
decelerating  (Reference  1  1).  Such  changes  can  have  a  very  marked  influ¬ 
ence  on  the  nature  of  the  aerodynamic  force  and  moment  characteristics  and 
hence  on  the  "frozen  dynamics". 

Second,  it  is  simple  to  show  (Reference  II  )  that  representing  a  time  - 
varying  system  as  a  sequence  of  time -invariant  systems  can  give  misleading 
information  about  the  nature  of  the  dynamics.  However,  it  is  not  a  simple 
matter  to  put  a  quantitative  measure  on  such  effects  or  devise  alternative 
techniques  which  can  be  used  to  understand  the  dynamics  of  a  rapid  transi¬ 
tion.  A  notable  attempt  has  been  made  in  Reference  12  to  develop  such  a 
technique,  and  seme  interesting  trends  are  shown  for  simple  variations  of 
the  derivatives  (e.  g.  ,  linearly  proportional  to  speed}.  However  the  problem 
is  by  no  means  solved. 

Now  consider  how  this  complicated  dynamic  situation  has  been 
accommodated  in  the  specification. 

Transition  can  be  thought  of  as  two  basic  parts: 

1.  Control  of  the  speed  and  altitude  as  though  the  aircraft  was 
a  point  mass. 

2.  Control  of  perturbations  in  speed,  altitude  and  attitude  from 
the  desired  values. 

A  knowledge  of  the  first  part  can  be  obtained  by  controlling  the  air¬ 
craft  with  2.  very  tight  feedback  loop.  From  this  can  be  obtained  a  pseudo- 
trim  for  that  particular  transition.  When  flying,  the  pilot  has  to  provide  this 
pseudo-trim  and  also  control  the  perturbations  from  the  desired  transition. 

The  difficulty  of  this  task  will  be  strongly  dependent  on  how  quickly 
the  aircraft  diverges  from  the  desired  nominal  value.  This  will  be  a  function 


of  the  rate  at  which  the  out  -of -trim  moments  increase,  and  the  basic  dynamics 
of  the  aircraft.  The  difficulty  of  the  task  will  also  be  influenced  by  how 
much  effort  the  pilot  has  to  exert  to  keep  the  aircraft  within  the  transition 
corridor,  i.  e.  ,  within  the  permissible  space  of  speed,  conversion  angle, 
power  settings,  and  angle  of  attack.  These  are  the  factors  to  which  atten¬ 
tion  has  been  directed  in  the  requirements.  Because  of  the  current  lack  of 
knowledge  concerning  the  dynamics  in  transition,  these  have  not  been  pre¬ 
scribed.  If  an  aircraft  is  designed  to  comply  with  the  FOP  requirements,  it 
seems  reasonable  to  assume  that  the  resulting  transition  dynamics  will  also 
be  acceptable  or  at  least  can  be  made  to  meet  the  qualitative  requirements 
without  excessive  redesign.  Some  V/STOL  aircraft  (e.g. ,  X-22A,  XC- 142) 
have  flight  phases  which  require  FOP  operation  at  most  speeds  below  Vcon 
and  as  a  result  will  have  to  comply  with  the  FOP  requirements.  Other  air¬ 
craft,  «■  ~b  as  the  P.  1127,  may  have  no  flight  phase  which  requires  FOP 
flight  at  speeds  between  about  35  knots  and  Vcon.  Applying  the  FOP  require¬ 
ments  between  35  knots  and  Vccm  might  be  unduly  conservative  for  these  air¬ 
craft  and  so  the  flight -phase  flight -envelope  structure  has  been  arranged  so 
that  the  FOP  requirements  are  not  imposed  unless  the  mission  requires  such 
operation.  This  statement  has  to  be  slightly  qualified  because  any  aborted 
transition  is  in  fact  required  to  be  safe.  Of  coarse,  the  manufacturer  may 
still  use  the  FCP  requirements  as  a  design  guide,  but  research  needs  to  be 
performed  to  determine  whether  or  not  the  resulting  transition  character¬ 
istics  are  adequate,  ultraconservative  or  deficient.  If  they  are  deficient, 
of  course,  even  the  vehicle  which  has  to  perform  FOP  flight  will  have 
unsatisfactory  transition  characteristics.  This  is  a  subject  which  needs 
systematic  research. 

A  final  point  in  this  general  discussion  of  transition;  what  is  meant 
by  “transition*? 

Reference  14  defines  transition  as  "the  act  of  going  from  the 
powered  lift  regime  to  the  aerodynamic  flight  regime  and  vice  versa*. 

For  the  purposes  of  applying  section  3.4  d  the  V/STOL  Specification, 
the  following  definition  is  preferred:  “transition  is  the  act  of  changing  from 
one  fixed  operating  point  to  another". 

This  latter  definition  reduces,  in  the  limit,  to  the  trivial  case  of 
maneuvering  about  trim.  However,  since  at  the  present  time  it  is  not 
possible  to  specify  what  level  of  acceleration  is  significant,  it  is  not  possible 
to  be  more  definitive.  Certainly  consideration  should  not  be  restricted  to 
complete  conversions/reconversions,  as  implied  by  the  first  definition.  Also, 
it  is  desired  that  aircraft  whicn  do  not  change  configuration  when  they 
accelerate  (e.g.,  helicopters)  should  also  be  required  to  satisfy  the  transition 
requirements.  This  intention  is  accommodated  more  clearly  by  the  preferred 
definition  since  it  does  not  involve  any  extraneous  concepts  such  as  having  to 
define  the  limits  of  the  powered  lift  regime. 

The  remaining  requirements  in  the  specification  have  been  collected 
into  four  groups: 
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|  a  •  Characteristics  of  the  flight  control  system.  This  section  places 

I  Q  requirements  on  mechanical  characteristics  such  as  control  force 

|  breakout  and  gradients,  and  trim  characteristics. 

e 

|  •  Takeoff,  landing  and  ground  handling  requirements.  Apart  from 

convenience,  this  subgroupring  does  emphasize  the  fact  that  landing 
and  takeoff  are  distinct  flight  phases,  and  that  military  ail  craft  can 
have  missions  other  than  takeoff  and'landing  in  the  speed  range 
below  Vcon. 

•  Winds  and  turbulence.  Some  requirements  are  written  in  terms  of 
a  steady  wind  speed,  in  which  case  compliance  with  the  require. nent 
.  should  be  demonstrated  in  flight,  in  that  wind  condition.  Other  re¬ 

quirements  are  written  with  reference  to  operation  in  all  potential 
atmospheric  environments.  In  the  future  it  is  hoped  to  include  a 
suitable  turbulence  model  in  the  specification.  For  the  present 
time  the  turbulence  model  and  intensity  to  be  considered  will  be 
chosen  by  the  procuring  activity,  and  compliance  will  be  demon¬ 
strated  by  suitable  analysis. 

a  Miscellaneous  requirements.  Miscellaneous  requirements  that 
are  equally  valid  at  all  speecTs  are  collected  together  in  the  miscel¬ 
laneous  sections.  Topics  covered  include:  Warning  and  Prevention 
of  Approach  to  Dangerous  Flight  Conditions,  Pilot -Induced  Oscil¬ 
lations,  Cross -Coupling  Effects,  Transients  Following  Failures, 
and  Control  Following  Thrust  Loss. 


V  -  1«0  KT 
DUCT  ANQLK 


Figure  1  L0CU8  OF  X-22A  FIXED  OPERATING  POINT  ROOTS  BETWEEN  V  «  0  AND  V  -  100  KT 
(BASIC  AIRCRAFT)  (DATA  FROM  REFERENCE  13) 


LOCUS  OF  X-22A  FD.fcD  OPERATING  POINT  ROOTS  BETWEEN  V  *  0  AND 
V  »  160  KT  (AUGMENTED)  (DATA  FROM  REFERENCE  13) 
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STATEMENT  AND  DISCUSSION  OF  REQUIREMENTS 


SCOPE  AND  CLASSIFICATIONS 


This  section  of  the  specification  has  been  used  to  define  a  general 
framework  which  permit*  tailoring  each  requirement  according  to: 

1.  The  kind  of  airplane  (Class) 

2.  The  job  to  be  done  (Flight  Phase) 

3.  How  good  the  flying  qualities  most  be  to  do  the  required  job  (Level). 

The  following  table  shows  how  these  considerations  are  associated  and  illus¬ 
trates  that  use  of  this  framework  would  permit  stating  36  different  values  for 
a  given  flying  qualities  parameter,  even  after  combining  the  Flight  Phases 
into  three  categories. 

This  detailed  breakdown  make.,  the  structure  parallel  the  conventional 
airplane  specification.  MIL-F-8785B  (Reference  10).  and  helps  the  phasing 
into  MIL-F-8785B  at  V  =  V 

con 

It  is  unlikely  that  the  full  potential  of  such  a  fine  breakdown  of  the  re¬ 
quirements  will  ever  be  required.  At  the  present  time  only  a  few  require¬ 
ments  make  use  of  more  than  the  Levels  breakdown-  However,  die  concept 
of  Flight  Phase  Category  :s  rueful  and  has  been  used  in  clarifying  the  intent 
of  a  number  of  requirements - 

Fraaework  for  Stating  Flying  Qualities  Requirements 


Class  Flight  Phase 
Category 


Level 


1.  1  SCOPE 
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REQUIREMENT 

1.  1  Scope.  This  specification  contains  the  requirements  for  the  flying 
qu  lities  of  U.  S.  military  piloted  vertical  and  short  takeoff  and  landing 
(V/  rOE)  aircraft  operating  at  speeds  less  than  Vcon. 

DISCUSSION 

The  statement  1.  1  above  is  much  like  that  of  MIL.-F-8785B  (Refer¬ 
ence  10),  with  two  important  exceptions.  First,  the  word  aircraft  appears  in 
place  of  airplane;  second,  the  application  is  limited  to  V/STO L  aircraft 
operating  below  the  speed  Vcon.  The  word  airplane  has  had  the  connotation 
of  aerodynamic  lift  rather  than  direct  powered  lift.  For  example,  the  FAA 
defines  the  two  words  as  follows: 

” Airplane”  means  an  engine-driven  fixed-wing  aircraft 
heavier  than  air,  that  is  supported  in  flight  by  the  dynamic 
reaction  of  the  air  against  its  wings. 

"Aircraft"  means  a  device  that  is  used  or  intended  to  be 
used  for  flight  in  the  air. 

It  is  clear  that  the  definition  of  "airplane"  is  too  restrictive  for 
V  /STOL  vehicles  since  they  may  not  have  fixed  wings  (perhaps  no  wings  at 
all),  and  may  rely  on  direct  lift  from  their  power  plants  rather  than  from 
wing  lift-  The  word  “aircraft"  is  not  restrictive  in  this  sense,  and  so  has 
been  used  throughout  the  specification.  It  is  also  apparent  that  1.1  and  l.Z 
do  not  specify  the  aircraft’s  means  of  support  in  the  atmosphere,  i.  e. ,  no 
distinction  is  made  here  between  rotor  lift,  tilt-wing  lift,  direct  thrust  lift, 
deflected  slipstream  lift,  ere.  Thus  it  is  envisioned  that  any  piloted  vehicle, 
flying  at  speeds  let  s  than  Vcon,  will  be  required  to  meet  the  provisions  of 
this  specification,  while  realizing  that  it  is  within  the  prerogative  of  the  pro¬ 
curing  activity  to  impose  additional  requirements  which  it  feels  are  neces 
sary  to  handle  the  peculiar  characteristics  of  the  particular  vehicle  in  ques¬ 
tion.  The  underlying  philosophy  inherent  in  this  concept  is  that  the  param¬ 
eters,  and  the  values  of  those  parameters,  which  adequately  describe  a 
certain  level  of  handling  qualities  for  a  given  task,  are  not  a  function  of  the 
means  of  aircraft  support  in  the  atmosphere.  To  use  a  simple  example,  it 
is  believed  that  the  characteristics  of  the  longitudinal  dynamic  modes  of 
motion  necessary  to  insure  a  pilot  rating  of  3.  5  or  better  for  the  precision 
hover  task  are  not  different  for  aircraft  whose  weight,  for  example,  is  being 
supported  by  a  rotating  rotor  than  they  are  for  a  vehicle  whose  weight  is 
being  supported  by  pure  jet  thrust. 

This  is  not  to  say  that  the  parameters  are  insensitive  to  the  means  of 
control  .  There  may  very  well  be  differences,  in  some  respects,  between 
an  aircraft  which  tilts  tc  translate  and  one  which  has  a  thrust  rotation 
capability  independent  of  fuselage  attitude.  It  does  say,  however,  that  the 
means  of  support  and  the  means  of  control  ar£  not  necessarily  dependent. 
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and  that  the  specification  should  not  exclude  vehicles  which  may  look  like 
helicopters  but  have  independent  thrust  vectoring,  and  neither  should  it  ex¬ 
clude  vehicles  which  may  look  like  airplanes  but  have  to  tilt  to  translate.  It 
is  therefore  further  intended  for  this  document  to  replace  MLL-H-8501A 
(Reference  15).  (It  had  been  hoped  to  include  helicopters  universally,  thereby 
completely  superseding  MLL-H-850 1A.  However,  at  this  time,  only  the  Air 
Force  has  done  so,  as  indicated  in  6.  6  of  Reference  I). 

The  second,  and  most  important,  exception  to  MTL-F -878SB  in  the 
wording  of  1.  1  above,  is  the  inclusion  of  “operating  at  speeds  less  than  the 
conversion  speed  (Vcon) .  “ 

Conversion  Speed,  Vccm 

In  establishing  a  definition  of  Vcon,  it  is  tempting  to  base  the  defini¬ 
tion  on  configuration- related  factors  such  as  wing,  duct,  or  rotor  tilt  angle, 
lift  engines  ON  or  OFF,  thrust  diverter  valve  position,  etc.  Consideration 
could  also  be  given  to  what  portion  of  the  vertical  force  required  to  sustain 
flight  is  derived  from  aerodynamic  reactions  on  fixed  surfaces  and  what 
portion  is  derived  from  engine  power  through  jet,  fan,  propeller  or  rotor 
reaction  forces- 

For  flying  qualities  specification  purposes,  however,  it  is  thought 
that  other  considerations  should  form  the  basis  for  selecting  Vcon. 

Surely  it  is  immaterial  that  the  aircraft  has  not  yet  turned  off  its  lift 
engines  or  that  the  wing  is  not  “down  and  locked*,  if  at  these  conditions  the 
aircraft  can  be  flown  and  controlled  fundamentally  the  same  way  as  a  con¬ 
ventional  airplane.  Conversely,  if  the  aircraft  can  be  flown  at  speeds  nor¬ 
mally  associated  with  conventional  airplanes  and  is  required  to  perform 
tasks  for  which  conventional  aircraft  characteristics  are  desired,  then  these 
speeds  should  be  above  Vcon  even  if  the  configuration  is  not  fully  converted. 

Definition  of  Vcon  on  the  basis  of  configuration  change  would  be  a 
moot  point  for  V/STQL  aircraft  which  do  not  change  configuration.  Heli¬ 
copters  are  a  perfect  example  of  this.  Presumably  since  they  never  con¬ 
vert,  they  never  reach  VCOn  and  would  therefore  never  have  to  satisfy  MJJL- 
F-8785B.  This  is  spurious  reasoning;  it  is  contended  that  towards  the  upper 
end  of  their  speed  range  most  helicopters  are  capable  of  being  controlled  in 
a  similar  way  to  an  airplane  (i.  e. ,  use  of  collective  control  is  de-empbasized 
in  flight  path  control  to  providing  a  function  similar  to  a  throttle  in  a  conven¬ 
tional  airplane  rather  than  being  used  more  as  a  direct  lift  control).  At  such 
flight  conditions  it  is  suggested  that  most  helicopters  would  be  improved  in 
their  handling  characteristics  if  they  had  to  meet  the  requirements  of  MIL-- 
F-8785B. 

The  question  “when  is  a  short  takeoff  and  landing  aircraft  a  STCXL?“ 
has  not  been  given  a  general  unambiguous  answer.  For  die  purpose  of 
applying  this  specification  it  can  be  given  the  answer  “when  flying  at  speeds 
below  VCOn'.  But  for  this  to  have  any  meaning,  Vcon  must  be  defined  in 
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general  unambiguous  terms.  Certainly  definitions  based  on  configuration 
related  factors  will  not  suffice. 


^"or  a  fly ing  qualities  specification,  flying  qualities  considerations 
should  be  the  bases  on  which  VCCJn  is  defined.  There  are  known  to  be  basic 
changes  in  control  technique  as  an  aircraft  is  flown  at  slower  and  slower 
speeds:  Longitudinally,  the  pitch  control  becomes  less  and  less  effective  at 
controlling  the  flight  path,  and  eventually  a  speed  is  reached  where  it  is 
necessary  to  provide  tne  pilot  with  same  form  of  direct  lift  control. 

Laterally,  there  is  a  speed  at  which  the  pilot  no  longer  needs  to  turn  in  a 
fully  coordinated  manner,  but  is  quite  happy  to  make  lateral  displacements  in 
flight  path  by  slipping  or  skidding.  There  are  probably  other  fundamental 
changes  which  are  equally  important,  but  they  will  all  probably  be  at  speeds 
less  than  that  at  which  flight  path  can  be  controlled  adequately  by  the  pitch 
control.  For  this  reason,  the  suggested  definitions  for  Vc{Jn  are  based  on 
the  ability  to  control  flight  path  with  the  pitch  control.  Thus  the  philosophy 
is  that  when  the  pilot  can  control  flight  path  r»sir»g  only  the  elevator,  he  will 
be  flying  die  aircraft  like  a  conventional  airplane  and  should  meet  the  con¬ 
ventional  airplane  requirements  (MIL-F-8785B).  When  the  flight  path  cannot 
be  controlled  adequately  using  only  the  pitch  control,  some  form  of  direct 
lift  control,  or  minimum  vertical  thrust  control,  or  autostabilization  of  air¬ 
speed  may  be  required.  These  alternative  control  techniques  are  called  for 
(in  a  qualitative  statement,  3.  3.  5.  2)  in  the  V /STOL  specification.  Reference 
i-  Three  measures  of  the  ability  to  control  flight  path  using  the  Ditch  con¬ 
trol  could  be  related  to  Ycon  as  follows. 


I- 


2. 


vccm»  311  incremental  0.  20  g  should  be  available  tb  rough 
pitch  control.  This,  of  coarse,  can  be  related  to  the  stall 
speed  for  the  aircraft  state  and  power  setting  under  con¬ 
sideration. 


W 


=  120,  fhms 
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1.  TO  ’Ss. 


The  angle  of  attack  and  attitude  change  required  to  develop  the 
lift  increment  of  0.  20  should  not  exceed  some  reasonable 
limit  such  as  5  degrees.  This  would  relate  to  a  minimum 
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The  steady -state  relation  between  flight  path  angle  and  air¬ 
speed,  when  the  pitch  control  is  used  to  constrain  airspeed 
at  constant  power,  has  been  shown  to  be  a  criterion  for 
establishing  the  speed  at  which  it  is  necessary  to  provide  the 
pilot  with  direct  lift  control  or  some  minimixn  vertical  thrust 
response  or  perhaps  autostabilization  of  airspeed.  For  Level  1, 
MIL-F-8785B  (Reference  10)  requires  flight  path  stability  to  be 
such  that  dTfcn/  is  negative  or  less  positive  than  0.  06  deg/kt. 
Thus  Vcon  could  be  defined  as  the  speed  at  «hicb  dT/c/V 
becomes  less  than  0.06  deg/kt. 


19 


yimv.iii.j-  ■!,  g  JJH.IPI  JI 


To  provide  an  indication  of  the  sort  of  speeds  which  would  be  involved 
by  choosing  the  definitions  d 3* t  dV  -  0.06  or  rr~  / a.  =  2.3,  these  parameters 
have  been  plotted  versus  speed  for  four  helicopters  and  four  (other)  VTOL. 
aircraft  CFigures  1  (1.1)  through  4(1.  1)3  . 

The  erratic  variation  of  dTldV  for  the  four  VTOL  aircraft  puts  the 
accuracy  of  the  data  in  a  questionable  light.  However,  the  fact  that  the  con¬ 
figuration  is  different  at  each  speed  may  be  responsible  for  the  scatter.  For 
the  helicopters,  dTt  /  dV  =0.06  would  result  in  Vccm  of  approximately  80  knots 
for  the  UH-1D  and  CH-46,  and  60  knots  for  the  H- 19-  There  is  insufficient 
data  for  the  H-34A. 

Using  =  2.3  gives  a  Vcon  of  50-60  knots  for  the  helicopters, 

about  100  knots  for  the  X - 19  and  XV- 5A,  80  knots  for  the  X-22A  and  55  knots 
for  the  XC-142A. 

In  Figure  5(1.  1),  lines  indicating  1.  1  Vs  and  dTfdV  =  0.06  deg/kt 
have  been  drawn  on  a  landing  performance  plot  of  the  Breguet  941.  This 
curve  suggests  that  the  1.  1  V  would  be  much  too  strongly  dependent  on 
power  setting  to  be  a  meaningful  definition-  The  dT  jdV  -  0.  06  does, 
however,  define  a  reasonably  constant  speed  of  about  5?  knots  (for  the  par¬ 
ticular  configuration  Sr  =  93"). 


The  speeds  defined  by  n^Jg,  =  2.  3  g/rad  and  d7 1 dV  -  0.06  do  seem 
reasonable  speeds  to  expect  these  various  V/STOl/s  to  behave  like  air¬ 
planes.  It  is  perhaps  worth  pointing  out  that  (  ^  ^con  is  defined  as  discussed 
above),  though  Vcon  would  undoubtedly  be  different  at  each  thrust  tilt  angle 
(duct  angle  in  the  X-22A)  in  aircraft  such  as  the  X-22A,  there  is  no  concep¬ 
tual  problem  in  applying  the  specification.  One  merely  satisfies  the  require¬ 
ments  in  MIL-F-8785B  or  the  V /STOL  specification,  depending  on  whether  the 
flight  condition  of  interest  is  above  or  below  Vcon.  Where  there  is  a  conflict, 
the  more  demanding  requirement  should  apply. 

The  choice  of  definition  for  VQOn  has  been  the  subject  of  a  con¬ 
siderable  amount  of  discussion  but  is  not  yet  resolved.  The  adopted  version 
of  the  specification  (Reference  1)  provides  the  following  note  in  paragraph 
6.2.2: 


"VCOn  -  the  speed  which  establishes  the  upper  limit  of 

applicability  of  the  requirements  of  this  specification 
and  the  lower  limt  of  applicability  of  the  require¬ 
ments  of  MIL-F -3785.  No  more  precise  definition 
of  V  will  be  attempted  as  it  is  assumed  that  Vcon 
will  ^^chosen  by  the  contractor  subject  to  approval 
by  the  procuring  activity.  Factors  to  be  considered 
in  the  selection  of  Vcon  are  discussed  in  the  Back¬ 
ground  information  and  User  Guide  (BIUG);  see  6.7." 


« 

i 


I 

l 


i 

i 

i 

» 

k 

\ 

l 

\ 

J 


i 

| 

i 

« 


20 


-**•-»,**  MAU4IMJU.WJI 


Thus  the  specification  references  the  above  discussion  and  leaves 
final  choice  to  agreement  between  the  contractor  and  the  procuring  activity. 

The  impact  of  V Cfm  on  the  definition  of  flight  envelopes  is  discussed 
in  this  doc  ament  under  section  3.  1,9- 


Figure  4  (1.1)  VARIATION  OF ^  FOR  FOUR  VTOL  AIRCRAFT 
(DATA  SOURCE  REFERENCE  13) 


(d)  APPROACH  AMD  LANOWG  CONFIGURATION  WITHOUT  TRANSPARENCY.  If*-  .EST5:  & 


(DATA  SOURCE  REP.  17} 

Figure  5  (1.1)  FOR  BRFGUET  941  AS  DEFINED  BY  1.1  V  AND  -^  =  +JK  DEG/KT 


1.2  APPLICATION 


REQUIREMENT 

1-2  Application.  The  requirements  of  this  specification  shall  be  applied 
to  assure  that  no  limitations  on  flight  safet/  or  on  the  capability  to  perform 
intended  missions  will  result  from  deficiencies  in  flying  qualities.  The 
flying  qualities  for  all  V/STOL  aircraft  proposed  or  contracted  for  shall  be 
in  accordance  with  the  provisions  of  this  specification  unless  specific  devi¬ 
ations  are  authorized  by  the  procuring  activity.  Guidance  on  application  of 
these  requirements  can  be  found  in  the  Background  Information  and  User 
Guide  (BIUG)  referenced  in  6.7.  Additional  or  alternate  special  require¬ 
ments  may  be  specified  by  the  procuring  activity.  For  example,  if  the  form 
of  a  requirement  should  not  fit  a  particular  vehicle  configuration  or  control 
mechanization,  the  procuring  activity  may  at  its  discretion  agr<*e  to  a 
modified  requirement  that  will  maintain  an  equivalent  degree  of  acceptability. 
The  requirements  of  MIL-F-878SE  shall  appiy  for  operation  at  speeds  in 
excess  of  V 

con 

DISCUSSION 

An  important  clause  in  this  paragraph  is:  "Additional  or  special  re¬ 
quirements  may  be  specified  by  the  procuring  activity.  For  example,  if  the 
form  of  a  requirement  should  not  fit  a  particular  vehicle  configuration  or 
control  mechanization,  the  procuring  activity  may  at  its  discretion  agree  to 
a  modified  requirement  that  will  maintain  an  equivalent  degree  o'  accept¬ 
ability.  * 

The  purpose  ox  this  statement  is  to  emphasize  the  fact  that  the  writers 
of  the  specification  do  not  want  to  inhibit  innovation.  It  is  imposs.blc  to 
cover  all  the  possibilities  for  future  V/STOL’s;  indeed  there  is  i  -sufficient 
data  to  cover  all  the  known  possibilities.  Some  requirements,  S’-ch  as  the 
control  force  gradicn*  limits  and  control  sensitivity  limits,  are  written  (or 
conventional  stick  {or  wheel)  and  rudder  pedal  controls.  They  would  clearly 
be  inappropriate  fer  a  side-arm  controller. 

In  situations  such  as  this  the  onus  will  be  or.  the  contractor  to  demon¬ 
strate  the  superiority  cf  his  system  to  the  contracting  agency. 

A  general  note  of  explanation  of  the  intended  use  ior  specification  is 
given  in  the  aNotes": 

6.  1  Intended  use.  This  specification  contains  the  flying  qualities 
requirements  for  military  piloted  V/STOL  aircraft  operating  at 
speeds  up  to  Vcon  and  shali  form  one  of  the  bases  for  determination, 
by  the  procuring  activity,  of  aircraft  acceptability.  The  specification 
shall  serve  as  design  requirements  and  as  criteria  for  use  in  stability 
and  control  calculations,  analysis  of  wind-tunnel  test  results,  flying 
qualities  simulation  tests,  and  flight  testing  and  evaluation.  To  the 
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extent  possible,  this  specification  should  be  met  by  providing  an 
inherently  good  basic  airframe.  Where  that  is  not  fee.  ,ihle,  or  where 
inordinate  penalties  would  result,  a  mechanism  is  provided  herein 
to  assure  that  the  flight  safety,  flying  qualities  and  reliability  aspects 
of  stability  augmentation  and  other  forms  of  system  complication  will 
be  considered  fully. 
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1.2.1  GROUND  EFFECT 

requirement 


1.2.  1  Ground  effect.  Requirement*  are  not  written  specifically  for  oper¬ 
ations  in  or  out  of  ground  effect.  The  height  above  ground  where  compliance 
must  be  demonstrated  is  dictated  by  the  requirements  for  the  particular 
Flight  Phase  (1.4)  of  the  operational  mission  under  consideration. 


DISCUSSION 

It  is  recognized  that  when  near  the  ground,  V/STOL  aircraft  can 
encounter  a  variety  of  effects  such  as  an  increase  or  decrease  in  lift,  tur¬ 
bulence,  reingestion  of  exhaust  gases,  etc.  These  are  generally  grouped 
under  the  term  "ground  effect". 

The  philosophy  taken  in  this  specification  is  that  the  operational  re¬ 
quirements  dictat"  the  altitude  at  which  the  various  Flight  Phases  have  to  be 
performed.  If  the  particular  design  encounters  ground  effect  within  the 
Operational  Envelope,  then  these  effects  should  not  degrade  the  flying  qual¬ 
ities  below  the  required  Level.  This  of  course  implies  that  certain  types  of 
configurations  which  may  be  f  articularly  prone  to  adverse  ground  effects 
may  not  be  acceptable  for  low  level  missions. 


l.Z.Z  OPERATION  UNDER  INSTRUMENT  FLIGHT  CONDITIONS 


REQUIREMENT 

l.Z.Z  Operation  under  instrument  flight  conditions.  It  is  assumed  that  IFR 
capability  is  inherent  in  all  military  aircraft  operational  missions,  and 
therefore  the  detailed  requirements  are  intended  to  reflect  this  assnmption- 
Exc options  to  this  general  assumption  are  noted  in  specific  requirements. 

DISCUSSION 

There  is  general  agreement  that  IFR  capability  should  be  provided 
for  all  pnases  of  military  V/STOL  aircraft  operation.  In  developing  require¬ 
ments,  the  problem  is  that  there  is  a  strong  interaction  between  the  level 
of  sophistication  with  which  information  is  displayed  and  the  corresponding 
minimum  acceptable  flying  qualities  characteristics.  It  is  impossible  to 
predict  future  display  capabilities,  bat  even  if  future  capabilities  could  be 
defined,  it  is  currently  considered  outside  the  scope  of  a  flying  qualities 
specification  to  specify  display  requirements. 

There  lave  been  some  experiments  designed  to  investigate  require¬ 
ments  in  IFR  as  compared  to  VFR,  but  most  erf  the  available  data  have  been 
generated  for  V'FR  tasks.  In  general,  the  requirements,  especially  those  of 
Levels  2  and  3,  have  been  determined  with  at  least  qualitative  consideration 
of  the  instrument  flight  environment  with  present  types  of  IFR  displays. 
Hopefully  as  IFR  displays  improve,  the  aircraft  will  become  as  easy  or 
easier  to  fly  IFR  than  VFR- 
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1.  3  CLASSIFICATION  OF  AIRCRAFT 
REQUIREMENT 


1.3  Classification  of  aircraft.  For  the  purpose  of  thi -  specification,  an 
aircraft  shall  be  placed  in  one  of  the  following  Classes  : 

Class  I  Small,  light  aircraft  such  as 

Eight  utility 
Primary  trainer 
Eight  observation 

Class  II  Medium  weight,  low- to- medium  maneuverability  aircraft 

such  as 

Utility 

Search  and  rescue 

Medium  transport/ cargo/tanker 

Early  warning /electronic  comtermeas  ores  /airborne 
command,  control,  or  communications  relay 
Antisubmarine 
Assault  transport 
Reconnaissance 
Tactical  bomber 
Heavy  attack 
Trainer  for  Class  IE 


Class  ID 


Earge,  heavy,  low -to- medium  maneuverability  aircraft 
such  as 


Heavy  transport/ca rgo/ tanker 
Heavy  bomber 

Patrol/early  warning /electronic  countermeasures/ 

airborne  command,  control,  or  communications  relay 
Heavy  search  and  rescue 
Trainer  for  Class  m. 


Class  IV  High-maneuverability  aircraft  such  as 

F  i  ghte  r  /  inte  r  c  epto  r 
Attack 

Tactical  reconnaissance 
Observation 

Combat  search  and  rescue 
Trainer  for  Class  IV. 


The  procuring  activity  will  assign  an  aircraft  to  one  of  these  Classes,  and 
the  requirements  for  that  Class  shall  apply.  Wrier  no  Ci3.ss  is  specified  in 
a  requirement,  the  requirement  shall  apply  to  all  Classes .  When  operational 
missions  so  dictate,  an  aircraft  of  one  Class  may  be  required  by  the  pro- 
cur  ii  activity  to  meet  selected  requirements  ordinarily  specified  for  ai— - 
craft  jf  another  Class. 
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DISCUSSION 


One  intuitively  expects  sports  cars,  small  sedans,  large  luxury 
limousines,  and  buses  to  have  different  handling  and  riding  qualities.  But 
are  theca  differences  there  by  design  or  by  the  limits  of  practical  design 
and  economics?  It  is  unlikely  that  the  driver  of  a  small  sedan  would 
complain  if  his  car  handled  like  a  sports  c;.r,  neither  would  the  bus  driver 
or  passengers  complain  if  the  bus  felt  tike  a  large  luxury  limousine.  The 
point  is  that  it  would  be  prohibitively  expensive  to  make  a  bug  handle  like  a 
luxury  limousine  and  people  have  grown  to  expect  buses  to  be  rougher, 
noisier,  and  slower. 

It  is  suggested  that  there  is  an  analogy  between  motor  vehicles  and 
aircraft.  Pilots  expect  to  see  the  characteristics  of  the  various  types  of 
aircraft  that  they  grew  up  with  repeated  in  future  versions;  these  charac¬ 
teristics  were  probably  the  best  that  could  be  achieved,  NOT  necessarily  the 
most  desirable.  The  correlation  of  a  characteristic  such  as  control  power 
with  weight  is  therefore  a  reflection  of  what  is  practical  to  obtain  rather  than  the 
most  desirable.  Of  course,  the  limits  of  practicability  are  severe  restraints. 

It  has  to  be  recognized  that  as  aircraft  become  larger,  practical  design 
considerations  may  dictate  compromises  between  the  values  of  flying  qualities 
parameters  that  are  desirable  and  what  can  be  accepted,  through  relaxation 
cf  operational  requirements  or  through  modification  of  operational  procedures 
or  techniques.  Trends  established  from  such  data  do  indicate  that  satisfactory- 
aircraft  can  be  built,  even  though  they  are  a  compromise.  It  also  indicates 
the  extent  of  the  compromise. 

There  are  a  number  of  factors  which  can  influence  the  design 
compromise,  for  example: 

•  the  intended  operational  use. 

a  the  way  in  which  the  particular  configuration  responds  to  outside 
disturbances  such  as  turbulence. 

•  the  location  of  the  pilot  relative  to  the  center  of  gravity. 

How  best  to  handle  these  factors  is  not  completely  clear  at  this  time. 
Ideally  the  requirements  should  be  expressed  as  mathematical  functions  of 
the  significant  factors.  The  current  state  of  knowledge  and  the  experimental 
data  availauie  do  not  permit  this,  so  it  is  necessary  to  make  some  relatively 
arbitrary  Class  definitions 

In  the  case  of  V/STOL.  aircraft,  an  almost  unbelievable  number  of 
divisions  have  been  suggested.  Reference  18  suggests  nineteen  classes,  while 
Reference  :a  more  conservatively  proposes  fifteen.  Class  systems  have  been 
suggested  or.  the  basi.*  of: 

1.  Method  of  thrust  vectoring  (vehicle  tilting,  thrust  deflection, 
dual  propulsion,  etc  ) 

2.  Ty pe  of  thrust  producer  \rotor,  fan  jet,  etc.) 

3.  Vehicle  weight 

4.  Maximum  load  factor. 


With  this  large  number  of  possibilities  and  no  data  on  which  to  base 
a  detailed  breakdown,  it  was  decided  to  adopt  the  structure  of  MLL-F-87833 
(Reference  10).  This  document  has  a  doable  breakdown: 

Aircraft  Classes  -  primarily  based  on  weight  but  modified  by 
maneuverability  requirements. 

Flight  Phase  Categories  -  primarily  grouped  by  tasks  which 
are  “terminal"  or  "nonterminal*  but  again  modified 
by  maneuverability  requirements. 

It  is  considered  that  since  the  breakdown  is  sufficiently  versatile  to 
provide  the  desired  discrimination  between  conventional  aircraft,  for  which 
there  is  a  considerable  body  of  data,  it  should  be  satisfactory  for  Y/STOL 
aircraft  too.  This  of  coarse  will  not  be  confirmed  until  the  body  of  back¬ 
ground  data  is  btd.lt  up  as  experience  is  gained  with  various  types.  For  the 
present  time  it  suffice c  that  the  Class  breakdown  is  part  of  the  structure 
of  the  specification  and  it  is  used  in  a  few  instances. 

Adopting  the  same  breakdown  as  is  used  in  MLL-F-S785B  does  of 
coarse  provide  the  additional  advantage  of  keeping  both  specifications  very 
similar.  Users  familiar  with  one  will  be  able  to  easily  begin  using  the 
other.  It  may  be  noted,  however,  that  it  is  quite  possible  for  an  aircraft  to 
change  Class  as  it  goes  from  the  V/STOL  Specification  t*>  the  MLL-F-8785B. 
The  largest  U-S.  helicopter  (Sikorsky  S-64F)  grosses  about  33,  000  lb.  The 
Soviet  MLL-M1- 10K  has  a  gross  weight  of  about  96,  000  lb.  These  would 
surely  have  to  be  classified  large,  heavy  (Class  HI)  V/STOL’s.  However, 
they  are  diminutive  when  compared  to  the  C-14LA  (316.000  lb)  or  the  C-5A 
(764,  000  lb),  so  on  a  size  basis  would  be  medium  (Class  II  aircraft  for  hsIL- 
F-8785B).  From  the  point  of  view  of  applying  the  specification,  this  change 
poses  no  problem;  one  merely  reads  requirements  for  Class  HI  in  the 
V/STOL  Specification  and  Class  II  from  MIL-  F-87833.  Whether  or  not  one 
would  actually  want  to  make  the  change  is  a  different  matter;  consider  the 
following  examples. 

For  the  helicopters  cited  above,  tbs  maximum  speed  is  about  110  to 
120  mph  and  tike  bulk  of  their  mission  will  fee  at  speeds  much  less  than  this. 
In  this  case  it  may  not  even  be  worth  satisfying  the  MXL.-F-8785B  require¬ 
ments  at  all  (i.  e. ,  make  Vcon  >  120  mph).  If  one  decided  to  make  VCon  < 

120  mph  it  would  certainly  be  zsasonable  to  expect  these  helicopters  to  be 
relatively  ponderous  and  to  put  them  in  Class  III  in  MIL-F-8785B  even 
though  they  are  only  a  tenth  and  twentieth  rescectively,  of  the  weight  of  a 
C-5A.  - 


If  we  were  considering  a  100,  000  lb  ( DC-9  size)  jet  lift  transport 
V /STOL  instead  of  a  helicopter,  it  would  still  be  in  Class  Hi  in  the  Y/STOL 
Specification  but  would  almost  certainly  be  required  to  mevt  the  Class  II 
requirements  cf  MIL- F- 87 85 B  at  speeds  above  Vcon  where  it  is  doing  the 
same  jobs  as  a  DC-9- 
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Perhaps  a  general  way  of  indicating  the  intent  is  that  the  Class  should 
correspond  to  the  dominant  role  in  fee  speed  range  of  interest. 

Users  familiar  with  MLL-F -8785B  (Reference  10)  will  notice  that  the 
Y/STOL  Specification  has  not  incorporated  the  distinction  between  Land-  (L-) 
and  Carrier-  (C)  based  aircraft-  It  was  decided  that  wife  the  present  lack 
of  operational  experience,  few  if  any  general  distinctions  could  be  made 
between  the  flying  qualities  needed  by  land-  or  carrier-based  V/STOL  air¬ 
craft-  As  specific  aircraft  are  procured,  the  operational  requirements 
specified  by  the  procuring  activity  will  take  care  of  differences  that  can  be 
defined. 


1.4  FLIGHT  PHASE  CATEGORIES 


V 

o 


REQUIREMENT 

1.4  Flight  Phase  Categories.  The  Flight  Phases  have  been  combined  into 
three  Categories  which  are  referred  to  in  the  requirement  statements-  These 
Flight  Phases  shall  be  considered  in  the  context  of  total  missions  so  that 
there  will  be  no  gap  between  successive  Phases  of  any  flight.  In  certain  cases, 
requirements  are  directed  at  specific  Flight  Pbasea  identified  in  the  requirement. 
When  no  Flight  Phase  or  Category  is  stated  in  a  requirement,  that  requirement 
shall  apply  to  all  three  Categories.  Flight  Phases  descriptive  of  most 
military  aircraft  missions  are: 

Nonterminal  Flight  Phases:  » 


Category  A  - 


a. 

b. 

c. 

d. 

e. 

f. 

g- 

h. 

i. 

j* 

Category  B  - 


a. 

b. 


c. 

d. 


e. 

f. 


g- 

h. 


1. 

j- 


Tbose  nonterminal  Flight  Phases  that  require  rapid 
maneuvering,  precision  tracking,  or  precise  flight- 
path  control.  Included  in  this  Category  are; 

Air-to-air  combat  (CO) 

Ground  attack  (GA) 

Weapon  delivery/launch  (WP) 

Aerial  recovery  (AR) 

Reconnaissance  (RC) 

In-flight  refueling  (receiver)  (RR) 

Terrain  following  (TF) 

Antisubmarine  search  (AS) 

Close  formation  flying  (FF) 

Precision  hover  (PH) 

Those  nonterminal  Flight  Phases  that  are  normally 
accomplished  using  gradual  maneuvers  and  without 
precision  tracking,  although  accurate  flight-path 
control  may  be  required-  Included  in  this  Category  are: 

Climb  (CL) 

Cruise  (CR) 

Loiter  (LO) 

In-flight  refueling  (tanker)  (RT) 

Descent  (D) 

Emergency  descent  (ED) 

Emergency  deceleration  (DE) 

Aerial  delivery  (AD) 

Hover  (H) 

Nonterminal  transition  (NT) 


< 
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Terminal  Flight  Phases: 


/ 


Category  C  -  Terminal  Flight  Phases  that  are  normally  accomplished 
using  gradual  maneuvers  and  usually  require  accurate 
flight-oath  control-  included  in  this  Category  are; 


a.  Vertical  takeoff  (VTj 

b.  Short  takeoff  (ST) 

c-  Approach  (PA) 

dL  Wave-o£f/go-around  (WO) 

e.  Vertical  landing  (VL.) 

f-  Short  landing  (SL) 

g-  Terminal  transition  (TT) 


When  necessary,  recategorization  or  addition  of  Flight  Phases  or  delineation 
of  requirements  for  special  situations  will  be  accomplished  by  the  procuring 
activity. 


DISCUSSION 


Much  of  the  discussion  on  Classes  of  aircraft  (1-3)  is  pertinent  to 
understanding  the  context  in  which  Flight  Phase  Categories  have  been  intro¬ 
duced  into  the  V/STOI-  Specification. 

The  introduction  of  Flight  Phase  Categories  brings  the  basic  structure 
into  Une  with  the  conventional  airplane  specification  ML L-F-878SB  (Refer¬ 
ence  10).  The  concept  is  useful  in  generalizing  the  stator  ent  of  certain  re¬ 
quirements  even  though,  with  the  presently  available  information,  few  require¬ 
ments  make  any  distinction  for  Flight  Phase. 

The  Flight  Phase  definitions  and  groupings  into  categories  re  simi¬ 
lar  to  those  in  MLL-F - S735B  (Reference  10)  except  that  additional  Flight 
Phases,  special  to  Y/STOJL  aircraft,  have  been  added.  These  are,  of  course, 
the  hover  and  transition  Flight  Phases. 

Experience  with  conventional  airplane  operations  indicates  that  .cer¬ 
tain  Flight  Phases  require  more  stringent  values  of  flying  qualifies  param¬ 
eters  than  do  others  (e.  g. ,  air-to-air  combat  requires  more  Dutch  roll 
damping  than  does  cruising  flight).  In  many  instances,  therefore,  the  flying 
qualities  specification  should  state  requirements  as  a  function  of  mission 
Flight  Phase. 

A  mission  will  generally  consist  of  a  series  of  Flight  Phases.  A 
Flight  Phase  may  be  thought  of  as  further  subdivided  into  a  aeries  or  group 
of  vasks.  For  example,  the  Power  Approach  Flight  Phase  (PA)  may  involve 
tracking  the  glide  slope,  longitudinal  trim  changes  and  heading  changes.  Li 
ground  and  flight  simulator  experiments,  the  pilot’s  overall  rating  of  the 
acceptability  of  an  aircraft's  handling  qualities  for  a  particular  Flight  Phase 
is  assigned  on  the  basis  of  his  evaluation  of  the  effort  and  ability  required 
to  perform  the  related  tasks.  A  discussion  of  the  relationship  of  tasks  to 
Flight  Phases  is  given  in  Reference  19.  The  concept  of  a  mission  being  made 
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-V  up  from  a  series  of  Flight  Phases  led  naturally  to  a  statement  of  MLL-F- 

8785B  flying  qualities  requirements  ir-  terms  of  the  Flight  Phases  of  1.4.  It 
is  expected  that  as  the  data  base  is  expanded,  a  similar  use  will  be  made  os 
the  Flight  Phase  Category  breakdown  in  the  V/STOL,  Specification. 

Not  all  of  the  listed  Flight  Phases  apply  to  a  given  aircraft.  Those 
that  are  appropriate  to  design  operational  missions  and  emergencies  will 
be  chosen  for  each  design.  The  list  cannot  be  exhaustive  because  new  mis¬ 
sion  requirements  continue  to  be  generated.  Thus  the  procuring  activity 
may  have  to  delete  same  Phases  and  add  others.  Responsibility  for  choosing 
applicable  Flight  Phases  should  be  defined  contractually.  The  procuring 
activity  should  prepare  the  initial  listing  of  Flight  Phases.  The  contractor 
should  be  made  contractually  responsible  for  assuring  that  this  listing  is 
inclusive  and  exhaustive  (for  each  operational  mission  for  which  the  aircraft 
is  designed),  and  for  suggesting  necessary  additions  so  that  the  intent  of  the 
Flight  Phase  concept  (i.  e. ,  there  will  be  no  gap  between  successive  Phases  of 
every  flight,  and  the  act  of  changing  from  Phase  to  Phase  during  a  flight  will 
be  smooth)  will  be  accomplished.  It  is  the  procuring  activity's  responsibility 
either  to  agree  with  the  contractor's  suggestions,  to  recategorize  the  Flight 
Phases,  or  to  add  Flight  Phases  to  the  listing  supplied  by  the  contractor. 


1-5  LEVELS  OF  FLYING  QUALITIES 


REQUIREMENT 

1-5  Levels  of  flying  qualities.  Where  possible,  the  requirements  of 
section  3  have  been  stated  in  terms  of  three  values  of  the  stability  or  control 
parameter  being  specified-  Each  value  is  a  minimum  condition  tc  meet  one 
of  three  Levels  of  acceptability  related  to  the  ability  to  complete  the  oper¬ 
ational  missions  for  which  the  aircraft  is  designed-  The  Levels  are; 

Level  1:  Flyinq  qualities  clearly  adequate  for  the  mission 

Flight  Phase- 

Level  2;  Flying  qialities  adequate  to  accomplish  the  mission 
Flight  Phase,  but  some  increase  in  pilot  workload  or 
degradation  in  mission  effectiveness,  or  both,  exists. 

Level  3 ;  Flying  qualities  soch  that  the  aircraft  can  be  controlled 

safely,  but  pilot  workload  is  excessive  or  mission 
effectiveness  is  inadequate,  or  both.  Category  A  Flight 
Phases  can  be  terminated  safely,  and  Category  B  and  C 
Flight  Phases  can  be  completed. 

DISCUSSION 

The  phrase  “where  possible"  was  used  in  1.5  because,  after  consider¬ 
able  literature  searching,  the  data  available  were  inadequate  to  permit  a 
rational  statement  of  three  values  for  every  requirement.  As  more  data 
become  available,  further  separation  of  requirements  into  levels  of  accept¬ 
ability  should  be  achievable. 

Amplification  on  Level  usage  is  given  in  6.5.2;  "Level  definitions. 

To  determine  the  degradation  in  flying  qualities  parameters  for  a  given 
Airplane  Failure  State  the  following  definitions  are  provided: 

a.  Level  1  is  better  man  or  equal  to  the  Level  1  boundary,  or  number, 
given  in  section  3. 

b.  Level  2  is  worse  than  Level  1,  but  no  worse  than  the  Level  2  boundary, 
or  number. 

c.  Level  3  is  worse  than  Level  2,  but  no  worse  than  the  Level  3  boundary, 
or  number. 

When  a  given  boundary,  or  number,  is  identified  as  Level  1  and  Level  2,  this 
means  that  flying  qualities  outside  the  boundary  conditions  shown,  or  worse 
than  the  number  given,  are  at  best  Level  3  flying  qualities _ * 

Application  of  Lev-els  is  discussed  in  Section  3.  1.  10. 
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Qualitative  Requirements 

According  to  Section  4.  2,  the  Level  definitions  of  1.5  are  to  be  used 
directly  in  determining  compliance  with  qualitative  requirements. 

There  is  a  direct  association  between  the  three  Levels  of  acceptability 
and  the  pilot  rating  scale  recently  developed  by  Cooper  and  Harper.  The 
definitions  of  the  three  Levels  in  1.5  were  originally  developed  from  an 
interim  version  of  this  scale,  published  in  September  1966  (Reference  20). 
Since  that  time,  the  rating  scale  has  been  refined  and  repnhlisfaed  after  review 
by  interested  individuals  and  organizations  in  the  U.S.  ,  Britain,  and  France 
(Reference  21}-  The  refinements  in  the  latest  version  deal  mainly  with  details 
of  language,  however,  and  not  the  basic  structure  of  the  scale,  i.e. ,  the 
basic  decision  process  related  to  mission  Flight  Phase  accomplishment  re¬ 
mains  unchanged  from  that  of  Reference  20.  The  revised  Cooper-Harper 
rating  scale  from  Reference  21  is  reproduced  in  Figure  1  (1.5  ).  An  alter¬ 
native  approach  to  rating  scale  development  and  rating  correlations  with 
pilot,  vehicle,  and  system  parameters  is  presented  in  Re£ere~re  22. 

Although  a  direct  association  is  intended  between  the  Levels  of 
Reference  1  and  the  Cooper-Harper  rating  scale  in  Figure  1  (1-5)  the  asso¬ 
ciation  with  previous  rating  scales  is  not  as  direct-  Since  die  majority  of 
the  experimental  flying  qualities  data  available  at  this  time  was  produced 
using  either  the  original  Cooper  scale  or  one  of  several  scales  employed  by 
Cornell  Aeronautical  Laboratory,  it  was  necessary  to  examine  the  context 
and  the  results  of  each  experiment  in  detail  before  making  associations 
between  Levels  and  a  particular  pilot  rating  scale. 


In  general,  however,  the  following  association  has  been  used  between 
Levels  and  the  major  rating  scales: 


Original 
Cooper  Scale 
Level  Table  6(3.  2.  2.  1 ) 


Standard 
CAL  Scale 


1  1-3.5 

2  3. 5-5.  5 

3  5.5-7 


1-3.5 
3.  5-6.  5 
6.5-9+ 


Interim 

Cooper- Ha  rpe  r 
Scale  (Ref-  20) 
Table  7(3.  2.  2.  1) 

1-3.5 

3. 5- 6. 5 

6. 5- 9+ 


Final 

Coope  r- Ha  r  pe  r 
Scale  (Ref-  21) 
Table  1(1.5) 

1-3.5 

3.  5-6.  5 

6.5-9+ 


If  a  rating  scale  other  than  those  shown  above  is  used,  the  association 
between  Levels  is  explained,  along  with  the  particular  set  of  data  under 
consideration. 


Because  the  base  configurations  for  parametric  studies  were  different 
for  different  experiments,  it  was  sometimes  helpful  to  give  consideration  to 
the  rate  of  change  of  pilot  rating  with  a  given  parameter  in  establishing  the 
association  between  parameter  values  and  Levels.  In  addition,  the  selection 
of  parameter  values  to  use  for  Level  3  was  sometimes  tempered  with 
philosophy  and  not  strictly  based  on  experimentally  defined  co„trollability 
limits. 
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The  evaluations  and  analyses  on  which  many  of  the  requirements  are 
based  were  conducted  with  “good"  values  of  all  parameters  except  the  d&es 
that  were  varied.  But  Cooper  and  Harper  have  noted  that  the  combined 
rating  degradation  caused  by  two  or  more  poor  flying  qualities  parameters 
can  be  significantly  worse  than  the  degradation  caused  by  any  one  of  the 
parameters.  Such  degradation  is  not  always  found,  but  it  is  a  worrisome 
problem.  For  example,  if  Level  3  is  barely  met  in  several  respects,  the 
aircraft  may  be  unflyable.  Some  Level  3  requirements  have  been  stiffened 
arbitrarily,  partly  to  account  for  this  possibility.  There  is  usually  too  little 
data  to  treat  the  problem  more  accurately,  though  some  trends  have  been 
established  in  the  development  of  the  lateral-directional  requirements 
(paragraph  3.  3.  8). 


TABLE  1(1.5) 

COOPER-HARPER  RATING  SCALE  (FROM  REFERENCE  21) 


2. 


APPLICABLE  DOCUMENTS 


~~  1  .  following  documents,  of  the  issue  in  effect  on  the  date  of  invitation 

or  1  or  re<3nest  for  proposal,  form  a  part  of  this  specification  to  the 
extent  specified  herein: 

specifications 

Military 

MIL- F- 9490  Flight  Control  Systems  -  Design,  Installation  and  Test  of. 

Piloted  Aircraft,  General  Specification  for 

MIL-C- 18244  Control  and  Stabilization  Systems,  Automatic,  Piloted 
Aircraft,  General  Specification  for 

MLL-F- 18372  Flight  Control  Systems,  Design,  Installation  and  Test  of. 
Aircraft  (General  Specification  for) 

MLL-W-25140  Weight  and  Balance  Control  Data  (for  Airplanes  and 
Rotorcraft) 

F-8785  Flying  Qualities  of  Piloted  Airplanes 


STANDARDS 

MIL-STD-736  Reliability  Prediction 


(Copies  of  documents  required  by  suppliers  in  connection  with  specific 
procurement  functions  should  be  obtained  from  the  procuring  activity  or  as 
directed  by  the  contracting  officer.  )  or 


3. 


REQUIREMENTS 


3.  1  GENERAL  REQUIREMENTS 


REQUIREMENT 

3-  1  General  requirements 

DISCUSSION 

The  form  of  Section  3-  1  closely  parallels  the  conventional  airplane 
specification  MIL-F-8783B  (Reference  ID). 

To  avoid  obfuscation  in  applying  die  concepts  in  this  section,  the  user 
must  keep  in  mind  the  fact  that  the  definitions  of  Flight  Envelopes  apply  to 
fixed  operating  point  flight  conditions,  not  the  transition  maneuver  itself. 

For  example,  a  tilt  wi ng  V/STOL  may  have  the  capability  of  flying  partially 
converted  (e.  g.  with  *ing  tilt  angle  of  30*).  In  this  configuration  the  concents 
of  flight  envelopes  are  identical  to  those  of  a  conventional  airplane,  though  of 
course,  the  flight  speed  may  be  lower. 

In  general.  Section  3-  1  specifies  the  conditions  under  which  the  re¬ 
quirements  of  the  specification  apply.  'rhe  main  factors  are  determined  by 
the  operational  missions  for  which  die  aircraft  is  to  be  designed.  The  air¬ 
craft  described  by  its  Aircraft  State  (weight,  center -of -gravity  position, 
external  store  complement,  configuration  and  thrust  setting  together  with  the 
operational  status  of  the  components  and  systems),  must  meet  the  specified 
requirements  under  various  conditions  of  speed,  altitude  and  load  factor. 


3.  1.  1  OPERATIONAL  MISSIONS 


REQUIREMENT 

3.  1.  1  Operational  missions.  The  procuring  activity  will  specify  the  oper¬ 
ational  missions  to  be  considered  by  the  contractor  in  designing  the  aircraft 
to  meet  the  flying  qualities  requirements  of  this  specification.  These  mis¬ 
sions  will  include  the  entire  spectrum  of  intended  operational  usage. 

DISCUSSION 

The  word  “mission*  unfortunately  is  used  in  several  contexts  not  only 
in  this  specification,  but  throughout  the  writings  pertinent  to  acquiring  a  new 
weapon  system-  In  the  broadest  sense,  “operational  missions*  applies  to 
categorizing  the  aircraft  as  fighter,  bomber,  reconnaissance,  etc.  ,  or  as  in 
"accomplishing  the  mission*  of  bombing,  strafing,  etc.  In  3.  1.  1  the  object 
is  to  introduce  to  the  designer  in  general  terms  the  function  of  the  aircraft 
he  is  to  design.  It  should  be  sufficient  for  the  procuring  activity  to  refer  to 
those  paragraphs  of  the  Systems  Specification  and  Air  Vehicle  Specification 
which  contain  the  overall  performance  requirements,  the  operational  require¬ 
ments,  employment  and  deployment  requirement  (generally  Sections  3.  1  and 
3.  2  of  those  documents).  The  ope  rational  missions  should  be  based  on  the 
above  considerations  as  well  as  the  mission  profiles  to  be  used  for  perfor¬ 
mance  guarantees. 

The  operational  missions  considered  should  not  be  based  on  just  the 
design  mission  profiles.  But  these  profiles  may  be  a  starting  point  for 
determining  variations  that  might  normally  be  expected  in  service  use  while 
performing  missions  of  the  same  character.  Thus  the  procuring  activity 
should  examine  ranges  of  useful  load,  flight  time,  con^bat  speed  and  altitude, 
in-flight  refueling,  etc.  to  define  the  entire  spectrum  of  intended  operational 
use.  “Ope  rational  missions*  are  intended  to  include  training  mis s ions - 

The  intended  use  of  an  aircraft  must  be  isowr.  before  the  required 
Operational  Flight  Envelopes  can  be  defined  and  the  design  of  the  aircraft  to 
meet  the  requirements  of  this  specification  undertaken-  Should  the  using 
command  decide  to  use  an  aircraft  for  an  operational  mission  other  than  for 
which  it  was  designed,  the  responsibility  must  be  assumed  by  the  using  com¬ 
mand  since  the  aircraft  designer  can  only  be  held  responsible  for  the  require¬ 
ments  specified  in  the  contract  covering  procurement  of  the  aircraft.  If 
additional  missions  are  foreseen  at  the  time  the  detail  specification  is  pre¬ 
pared,  it  is  the  responsibility  of  the  procuring  activity  to  define  the  opera¬ 
tional  requirements  to  include  these  missions.  Examples  of  missions  or 
capabilities  that  have  been  added  later  are  in-flight  refueling  (tanker  or 
receiver),  aerial  pickup  and  delivery,  low-altitude  penetration  and  weapon 
delivery,  and  ground  attack  for  an  air-superiority  fighter  or  vice  versa. 

The  foregoing  discussion  serves  to  emphasize  the  importance  of  the 
intended  use  of  the  aircraft  and  the  impact  this  has  on  the  Operational  Flight 
Envelopes  for  which  the  aircraft  is  to  be  designed.  Once  the  intended  uses 
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or  operational  missions  are  defined,  a  Flight  Phase  analysis  of  each  mission 
must  be  conducted  and  the  Operational  Flight  Envelopes  defined.  The  config¬ 
urations  and  'oading  states  required  to  perform  the  various  Flight  Phases 
throughout  the  corresponding  Operational  Flight  Envelopes  can  then  be 
defined  and  the  Service  and  Permissible  Flight  Envelopes  determined. 


3.1.2  LOADINGS 


3.  1.  3  MOMENTS  OF  INERTIA 

3.  1.  4  EXTERNAL  STORES 

REQUIREMENTS 

3.  1.  2  IxB<fing«.  The  contractor  shall  define  the  envelopes  of  center  of 
gravity  and  corresponding  weights  that  will  exist  for  each  Flight  Phase. 

These  envelopes  shall  include  the  most  forward  and  aft  center-of-gravity 
positions  as  defined  in  MIL- W- 25 140.  In  addition,  the  contractor  shall 
determine  the  maximum  center-of-gravity  excursions  attainable  through 
failures  in  systems  or  components,  such  as  fuel  sequencing,  hung  stores, 
etc. ,  for  each  Flight  Phase  to  be  considered  in  the  Failure  States  of  3.1.  6.  2. 
WitL-n  these  envelopes,  plus  a  growth  margin  to  be  specified  by  the  procuring 
activity,  and  for  the  excursions  cited  above,  this  specification  shall  apply. 

3.  1.  3  Moments  of  inertia.  The  contractor  shall  define  the  moments  of 
inertia  associated  with  all  loadings  of  3.  1.  2.  The  requirements  of  this 
specification  shall  apply  for  all  moments  of  inertia  so  defined. 

3.  1.4  External  stores.  The  requirements  of  this  specification  shall  apply 
for  all  combinations  oTgrtemal  stores  required  by  the  operational  missions. 
The  effects  of  external  stores  on  the  weight,  moments  of  inertia,  center-of- 
gravity  position,  and  aerodynamic  characteristics  of  the  aircraft  shall  be 
considered  for  each  mission  Flight  Phase.  When  the  stores  contain  expend¬ 
able  bads,  the  requirements  of  this  specification  apply  throughout  the  range 
of  store  loadings.  The  external  stores  and  store  combinations  to  be  con¬ 
sidered  for  flying  qualities  design  soil  be  specified  by  the  procuring  activity. 
In  establishing  external  store  csomSSuSS  to  be  investigated,  consideration 
shall  be  given  to  asymmetric  as  well  as  to  symmetric  combinations,  and  to 
various  methods  of  attachro er*  to  the  airframe  (e.  g.  ,  single-point  sling, 
multi-point  sling,  rigid,  etc.  J. 

DISCUSSION 

The  loading  of  an  aircraft  is  determined  by  what  is  in  { internal 
loading),  and  attached  to  (external  loading)  the  aircraft.  The  parameters 
that  define  different  characteristics  of  the  loading  are  weight,  center-of- 
gravity  position,  and  moments  and  products  of  inertia.  External  stores 
affect  all  these  parameters  and  also  affect  aerodynamic  coefficients. 

The  requirements  apply  ur  *  all  loading  conditions  associated  with 
an  aircraft's  operational  mission  .  Since  there  is  an  infinite  number  of 
possible  internal  and  external  loadings,  each  requirement  generally  is  only 
examined  at  the  critical  loading  with  respect  to  the  requirement.  Only 
permissible  center-of-gravity  positions  need  be  considered  for  Aircraft 
Normal  States.  But  fuel  sequencing  and  transfer  failures  or  malperformance 
that  get  the  center  of  gravity  outside  the  established  limits  are  expressly  to 
be  considered  as  Aircraft  Failure  States.  The  worst  possible  cases  that 
are  not  approved  Special  Failure  States  (3.  1.6.2.  1)  most  be  examined. 
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Si see  — e  requirements  we  full  raage  of  service  loadings* 

elfec Ls  of  fuel  slosh  and  shifting  should  be  taken  into  account  in  design. 
Balance,  controllability,  and  airframe  and  structural  dynamic  character¬ 
istics  may  be  affected.  For  example,  takeoff  acceleration  has  been  known 
to  shift  the  c.  g.  embarrassingly  far  aft.  Aircraft  attitude  may  also  have  an 
en'ect.  Other  factors  to  consider  are  fuel  sequencing,  in-flight  refueling  if 
applicable,  and  all  arrangements  of  variable,  disposable  and  removable 
items  required  for  each  operational  mission. 

The  procuring  activity  mr.-  elect  to  specify  a  growth  margin  in  c.g. 
travel  to  allow  for  uncertainties  in  weight  distribution,  stability  level  and 
other  design  factors,  and  for  possible  future  variations  in  operational 
loading  and  use. 

In  determining  the  range  of  store  loadings  to  be  specified  in  the  cc*n- 
kiracti  the  procuring  activity  siiouU  consider  such  factors  ?  tore  mixes, 
possible  points  of  attachment,  and  asymmetries — initial,  ai  each  pass? 
and  the  result  of  failure  to  release.  The  contractor  may  fine  •%  necessary 
to  propose  limitations  on  store  loading  to  avoid  excessive  design  penalties. 

The  designer  should  attempt  to  assure  that  there  are  no  restrictions 
on  store  loading,  within  3ic  range  of"  design  stores.  However,  it  is  recog¬ 
nized  that  occasionally  this  goaf  will  be  impracticable  on  some  designs.  It 
may  be  impossible  z»*  avoid  exceeding  aircraft  limits,  or  excessive  design 
penalties  may  be  incur  rerL  Then,  insofar  as  considerations  such  as 
standardized  stores  permit-  it  should  be  made  physically  impossible  to 
violate  necessary  store  loading  restrictions-  If  this  too  should  not  be  prac¬ 
ticable,  the  contractor  should  submit  both  an  analysis  of  the  effects  on 
flying  qualities  of  violating  the  restrictions  and  an  estimate  of  the  likelihood 
that  the  restrictions  will  be  exceeded. 
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3.  I-  5  CONFIGURATION? 


REQUIREMENT 

3.  i.  5  CocfismtiOM.  The  requirements  of  this  specification  shall  apply 
for  all  conligiratiast  required  or  encountered  in  the  applicable  Flight  Phases 
of  1. 4.  A  (crew-)  selected  configuration  is  defined  by  the  positions  and 
adjustments  of  the  various  selectors  and  controls  available  (except  for  the 
p  icb,  roll,  yaw,  thrust  magnitude,  and  trim  controls),  for  example,  flap 
setting,  win^ -angle  setting,  duct- rotation  setting,  nozzle  setting,  stability- 
augmentation-syutsm  (SAS)-selector  setting,  etc.  The  selected  configura¬ 
tions  to  be  examined  must  consist  of  those  required  for  performance  and 
mission  accomplishment.  Additional  configurations  to  be  investigated  may 
be  defined  by  the  procuring  activity. 

DISCUSSION 

The  settings  of  such  controls  as  thrust  vector  angle,  (wing  tilt,  nozzle 
angle,  etc. ),  flaps,  speed  brakes,  landing  gear  are  related  uniquely  to  each 
aircraft  design.  The  specification  requires  that  the  configurations  to  be 
examined  shall  be  those  required  for  performance  and  mission  accomplish¬ 
ment.  The  position  of  roll,  pitch,  yaw  controls,  trim  controls  and  the 
thrust  magnitude  control  are  not  included  in  the  definition  of  configuration 
since  the  positions  of  these  controls  are  usually  either  specified  in  the 
individual  requirements  or  determined  by  the  specified  flight  conditions. 

Where  a  distinction  is  required,  the  requirements  are  stated  for  Flight 
Phases,  rather  than  for  aircraft  configurations,  since  the  flying  qualities 
should  be  a  function  of  the  job  to  be  done  rather  than  of  the  configuration  of 
the  aircraft.  However,  the  designer  must  define  the  configuration  or  con¬ 
figurations  which  his  aircraft  will  have  daring  each  Flight  Phase. 
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3.  1.6 

STATE  OF  THE  AIRCRAFT 

3.  1.6. 1 

AIRCRAFT  NORMAL  STATES 

3.  1.6.Z 

AIRCRAFT  FAILURE  STATES 

3.  1.  6.  Z.  1  AIRCRAFT  SPECIAL  FAILURE  STATES 
REQUIREMENTS 

3.  1,6  State  of  the  aircraft.  The  State  of  the  aircraft  is  defined  by  die  se¬ 
lected  configuration  together  with  the  functional  status  of  each  of  the  aircraft 
components  or  systems,  thrust  magnitude,  weight,  moments  of  inertia, 
center-of-gravity  position,  and  external  store  complement.  The  trim  setting 
and  the  positions  of  the  pitch,  roll,  and  yaw  controls  are  not  included  in  the 
definition  of  Aircraft  State  since  they  are  often  specified  in  the  requirements- 
The  position  of  the  thrust  magnitude  control  shall  not  be  considered  an  element 
of  the  Aircraft  State  when  die  thrust  magnitude  is  specified  in  a  requirement. 

3.  1.6.  1  Aircraft  Normal  States,  The  contractor  shall  define  and  tabulate 
all  pertinent  items  to  describe  the  Aircraft  Normal  (no  component  or  system 
failure)  State(s)  associated  with  each  of  the  applicable  Flight  Phases-  This 
tabulation  shall  be  in  the  format  and  shall  use  the  nomenclature  shown  in  6.  Z. 
Certain  items,  such  as  weight,  moments  of  inertia,  center-of-gravity  position, 
‘thrust  magnitude  and  thrust  angle  control  settings,  may  vary  continuously  over 
a  range  of  values  during  a  f  light  Phase.  The  contractor  shall  replace  this 
continue* is  variation  by  a  limited  number  of  values  of  the  parameter  in  ques¬ 
tion  which  will  be  treated  as  specific  States,  and  which  include  the  most 
critical  values  and  the  extremes  encountered  during  the  Flight  Phase  in  ques¬ 
tion. 


3.  1.  6.  Z  Aircraft  Failure  States.  The  contractor  shall  define  and  tabulate 
all  Aircraft  Failure  States,  which  consist  of  Aircraft  Normal  States  modified 
by  one  cr  more  malfunctions  in  aircraft  components  or  systems;  for  example, 
a  discrepancy  between  a  selected  configuration  and  an  actual  configuration. 
Those  malfunctions  that  result  in  center-of-gravity  positions  outside  the 
center-of-gravity  envelope  defined  in  3.  1-Z  shall  be  included.  Each  mode  of 
failure  shall  be  considered.  Failures  occurring  in  any  Flight  Phase  shall  be 
considered  in  all  subsequent  Flight  Phases.  »  — 

3.  1.6.  Z.  1  Aircraft-  Special  Failure  States.  Certain  components,  systems, 
or  combinations  thereof  may  have  extremely  remote  probability  of  failure 
during  a  given  flight.  These  failure  probabilities  may,  in  turn,  be  very  dif¬ 
ficult  to  predict  with  any  degree  of  accuracy.  Special  Failure  States  of  this 
type"  need  not  be  considered  in  complying  with  the  requirements  of  section  3 
if  justification  for  considering  the  Failure  States  as  Special  is  submitted  by 
the  contractor  and  approved  by  the  procuring  activity. 

DISCUSSION 

These  paragraphs  introduce  the  Aircraft  State  terminology  for  use  in 
the  requirements.  The  contractor  is  required  to  define  the  Aircraft  Normal 
States  for  each  applicable  Flight  Phase,  in  the  format  of  Table  XIV.  A 


48 


^  >  rrnw 


particular  design  may  have  other  variable  features  such  as  air  inlets;  if  the 
position  of  any  such  feature  can  affect  flying  qualities  independently  of  the 
items  in  Table  XIV,  its  position  should  be  tabulated  as  well.  Initially, 
variable  parameters  should  be  presented  in  discrete  steps  small  enough  to 
allow  accurate  interpolation  to  find  the  most  critical  values  or  combinations 
for  each  requirement.  Then  those  critical  cases  should  be  added.  As 
discussed  under  3.  1.2  -  3.  1.4,  center- of -gravity  positions  that  can  be  at¬ 
tained  only  with  prohibited,  failed,  or  malfunctioning  fuel  sequencing  need 
not  be  considered  for  Aircraft  Normal  States. 

There  is  mote  to  determining  Failure  States  than  just  considering  each 
component  failure  in  turn.  Two  other  types  of  effects  must  be  considered. 
First,  failure  of  one  component  in  a  certain  mode  may  itself  induce  other 
failures  in  the  system,  so  failure  propagation  must  be  investigated.  Second, 
one  event  may  cause  loss  of  more  than  one  part  of  the  system-  Events  of 
“unlikely"  origin  from  recent  flight  experience  are  listed  as  illustrations: 

•  Failure  of  one  bracket  that  held  lines  from  both  hydraulic 
systems  led  to  loss  of  integrity  of  both  systems. 

•  An  extinguishable  fire  that  burned  through  lines  from  all 
hydraulic  systems,  that  were  routed  through  the  same 
compartment. 

•  Spilled  coffee  on  the  pilots’  console  that  shorted  out  all 
electrical  systems;  lightning  strikes  might  do  this,  too. 

•  A  loose  nut  (too  thick  a  washer  was  used,  so  the  seif- locking 
threads  were  not  engaged)  which  shorted  all  three  stability 
augmentation  channels  of  a  triply  redundant  system. 

•  Undetected  imparities  in  a  batch  of  potting  compound  used  in 
packaging  stability  augmentation  system  components;  all  affected 
channels  shorted  out  at  the  high  temperatures  of  supersonic  flight, 
after  passing  ground  checkout. 

•  Complicated  ground  checkout  equipment  and  lengthy  procedures 
that  were  impractical  to  use  very  frequently  on  the  flight  line, 
resulting  in  long  flight  times  between  flight  control  system 
electronics  checks. 

The  insidious  nature  of  possible  troubles  emphasizes  the  need  for  caution  in 
design  application. 

In  discussing  redundant  systems,  it  is  axiomatic  that  the  whole  system 
must  be  redundant-  However,  a  recent  design  used  multiple- redundant  SAS, 
but  required  environmental  control  for  the  electronic  components;  the 
environmental  control  system  was  not  redundant.  Thus  the  complex  multiple- 
redundant  SAS  could  have  been  put  out  of  action  by  any  failure  of  the  air 
conditioning  equipment. 
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When  considering  the  necessity  of  redundancy,  attention  should  not 
be  focused  on  the  control  system  to  the  exclusion  of  all  else.  For  example,  it 
may  be  necessary  to  duplicate  certain  essential  instrumentation.  The  SV-5 
had  an  extremely  narrow  angle- of -attack  corridor  during  re-entry,  but  had 
only  one  angle -of -attack  sensing  vane  and  display.  In  such  a  case,  where  the 
information  is  so  essential,  redundancy  may  be  warranted. 

Regardless  of  the  degree  of  redundancy,  there  remains  a  finite  pro¬ 
bability  that  2 11  redundant  paths  will  fail.  A  point  of  diminishing  returns  will 
be  reached,  beyond  which  the  gains  of  additional  channels  are  not  worth  the 
associated  penalties. 

Several  categories  of  Special  Failure  States  can  be  distinguished. 
Certain  items  might  be  approved  more  or  less  categorically: 

•  Control-stick  fracture 

•  Basic  airframe  or  control-surface  structural  failure 

•  Dual  mechanical  failures  in  general 

In  most  cases,  a  considerable  amount  of  engineering  judgment  will 
influence  the  procuring  activity's  decision  to  allow  or  disallow  a  proposed 
Aircraft  Special  Failure  State.  Probabilities  that  are  extremely  remote  are 
exceptionally  difficult  to  predict  accurately.  J  udgments  will  weigh  con¬ 
sequences  against  feasibility  of  improvement  or  alternatives,  and  against 
projected  ability  to  keep  high  standards  throughout  design,  qualification, 
production,  use  and  maintenance.  Meeting  oii_2r  pertinent  requirements: 
MIL-F-9490,  MLL-A-8860,  etc.,  should  be  considered,  as  should  experience 
with  similar  items.  Generally,  Special  Failure  States  should  be  brought  to 
the  attention  of  those  concerned  with  flight  safety. 

Note  that  the  approval  of  Aircraft  Special  Failure  States  is  at  the 
discretion  of  the  procuring  activity.  In  conjunction  with  certain  requirements 
that  must  be  met  regardless  of  component  or  equipment  status,  granting  or 
refusing  approval  can  be  used  as  desired  to  require  a  level  of  stability  for 
the  basic  airframe,  to  rule  out  fly-by-wire  control  systems,  to  demand  con¬ 
sideration  of  vulnerability,  or  even  to  rule  out  a  type  of  configuration.  F or 
example,  a  propeller  pitch  control  failure  on  a  V  /STOJL  which  uses  differential 
thrust  from  left  and  right  hand  side  propellers  to  provide  roll  control  in  hover, 
will  result  in  loss  of  control;  clearly  no  requirements  can  then  be  met,  and 
the  configuration  is  excluded,  unless  the  pitch  control  failure  is  allowed  as  a 
special  failure.  The  procuring  activity  should  state  the  considerations  to  be 
imposed,  as  completely  as  possible  at  the  outset;  but  it  is  evident  that  many 
decisions  must  be  made  subjectively  and  many  will  be  influenced  by  the 
specific  design. 
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3.  1. 7  OPERATIONAL  FLIGHT  ENVELOPES 
3.  1.  8  SERVICE  FLIGHT  ENVELOPES 
3.  1.  9  PERMISSIBLE  FLIGHT  ENVELOPES 


GENERAL  DISCUSSION 

The  emphasis  on  Flight  Envelopes  is  an  attempt  to  restrict  application 
of  the  requirements  to  regions  in  which  compliance  is  essential.  Thus,  it  is 
hoped  to  avoid  the  performance,  cost  and  complexity  penalties  that  might  be 
associated  with  overdesign  to  provide  excellent  flying  qualities  at  all  flight 
conditions.  Just  as  important,  the  Flight  Envelopes  should  ensure  that  flying 
qualities  will  be  acceptable  wherever  the  aircraft  is  operated.  In  general, 
the  boundaries  of  these  envelopes  should  not  be  set  by  ability  to  meet  the 
flying  qualities  requirements.  Other  factors  will  normally  determine  the 
boundaries  unless  specific  deviations  are  granted.  The  rationale  for  each 
type  of  Envelope  is  presented  later  in  the  discussion  of  each  paragraph;  but 
here  it  is  in  order  to  discuss  procedures  in  constructing  and  using  th» 
Envelopes,  particularly  as  they  should  be  interpreted  for  V/STOL  aircraft  as 
against  conventional  aircraft. 

To  start  with,  the  procuring  activity  must  set  down  the  capability  it 
wants  for  primary  and  alternate  missions,  including  maneuverability  over 
the  speed-altitude  range.  These  are  the  mini mmi  requirements  on  the 
Operational  Flight  Envelopes.  At  this  stage  the  Flight  Phases  will  be  known. 
In  response  to  these  and  other  requirements,  a  contractor  will  design  an  air¬ 
craft.  For  that  design  die  contractor  can  relate  the  Flight  Phases  to  Airplane 
Normal  States,  then: 

•  Construct  the  larger  Service  Flight  Envelope  for  die  Aircraft 
Normal  State  associated  with  each  Flight  Phase,  and 

•  Similarly  construct  portions  of  die  Permissible  Flight  Envelope 
boundaries,  beyond  which  operation  is  not  allowed. 

Each  Envelope  must  include  the  flight  conditions  related  to  any  pertinent  per¬ 
formance  guarantees. 

What  does  all  this  mean  for  a  V/STOL? 

Consider  a  V /STOL  which  has  the  operation  requirements  indicated  on 
Figure  1  (3.  1). 

At  a  particular  altitude,  a  typical  V/STOL  aircraft  will  be  able  to  per¬ 
form  the  maneuvering  requirements  corresponding  to  a  given  speed  and 
altitude  at  a  range  of  configurations  (wing  tilt  angle,  duct  angle,  nozzle 
setting,  etc.).  Thus  an  additional  dimension  which  depends  on  the  configura¬ 
tion  is  introduced  into  the  Flight  Envelope.  For  an  aircraft  with  a  single 
configuration  variable  %  ,  the  operational  boundaries  of  Figure  1  (3.  1)  would 
become  as  shown  on  Figure  2(3.  1). 


Thus  at  each  X  there  would  be  a  range  of  speeds  over  which  the  aircraft 
can  be  safely  flown  at  the  altitude  being  considered.  The  extremes  of  this 
range  define  the  maximum  and  minimum  service  speeds  for  that  configura¬ 
tion (Z),  VW  (Z%- 

Also  at  each  X  there  is  a  range  of  speeds  over  which  the  operational 
requirements  cf  a  particular  Flight  Phase  can  be  satisfied  at  this  altitude. 

The  extremes  of  this  range  define  the  maximum  and  minimum  operational 
speeds  for  that  particular  configuration;  they  are  NOT  necessarily  and 

^pmim  for  the  particular  Flight  Phase. 

Conversely,  at  a  given  speed  there  is  a  range  of  configurations  at 
which  the  operational  requirements  of  the  Flight  Phase  can  be  satisfied. 

The  requirements  of  the  specification  apply  at  all  points  within  the  three- 
dimensional  volume  (speed,  altitude  and  normal  load  factor,  and  possibly 
additional  parameters  such  as  rate  of  descent,  flight  path  angle  or  side  ve¬ 
locity)  of  die  Flight  Envelope,  and  also  within  the  range  of  configurations. 
Hence,  in  effect,  the  requirements  apply  to  a  four -dimensional  volume  (or 
more  if  there  is  more  than  one  independent  configuration  variable,  e.  g. , 
wing  tilt  angle  and  flap  angle  would  be  two  variables  unless  uniquely  related). 

In  picking  the  conditions  within  this  four-dimensional  space  at  which  to  de¬ 
termine  compliance,  consideration  should  be  given  to  the  critical  flight 
conditions  and  bow  the  aircraft  will  be  flight  tested. 


Each  Flight  Phase  will  involve  a  range  of  loadings.  Generally  it  wall 
be  convenient  to  represent  this  variation  by  superimposing  boundaries  for 
the  discrete  loadings  of  Table  XIV,  or  possibly  by  bands  denoting  extremes. 

If  different  external  store  complements  affect  the  Envelope  boundaries  signif¬ 
icantly,  it  may  be  necessary  to  construct  several  sets  of  Envelopes  for  each 
Flight  Phase,  each  set  representing  a  family  of  stores.  Hopefully  a  manage¬ 
ably  small  total  number  of  Envelopes  should  result.  It  is  apparent  that  the 
Flight  Envelopes  must  and  can  be  refined,  as  the  design  is  further  analyzed 
and  defined,  by  agreement  between  the  contractor  and  the  procuring  activity. 

Flight  tests  will  be  conducted  to  evaluate  the  aircraft  against  require¬ 
ments  in  known  Flight  Envelopes.  Generally,  flight  tests  will  cover  the 
Service  Flight  Envelope,  with  specific  tests  (stalls,  dives,  etc.  )  to  the 
Permissible  limits.  The  same  test  procedures  usually  apply  in  both  Service 
and  Operational  envelopes;  only  the  numerical  requirements  and  qualitative 
levels  differ.  If,  for  example,  speed  and  altitude  are  within  the  Operational 
Flight  Envelope  but  normal  load  factor  is  between  the  Operational  and  Service 
Flight  Envelope  boundaries,  the  requirements  for  the  Service  Flight  Envelope 
apply.  Ideally,  the  flight  test  program  should  also  lead  to  definition  of  Flight 
Envelopes  depicting  Level  1  and  Level  Z  boundaries  (paragraph  1,3).  These 
Level  boundaries  should  a'd  the  using  commands  in  tactical  employment,  even 
long  after  the  procurement  contract  has  been  closed  out. 


Separate  Flight  Envelopes  are  not  normally  allowed  for  Aircraft  Fail¬ 
ure  States,  it  is  rational  to  consider  most  failures  throughout  the  Flight 
Envelopes  associated  with  Aircraft  Normal  States.  There  may  be  exceptions 
(such  as  a  thrust  tilt  angle  failure  that  necessitates  a  partially  converted 
landing)  that  are  peculiar  to  a  specific  design.  In  such  cases  the  procuring 
activity  may  have  to  accept  some  smaller  Flight  Envelopes  for  specific  Fail¬ 
ure  States,  making  sure  that  these  Envelopes  are  large  enough  for  safe 
Level  2  or  Level  3  operation. 
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3.  1.  7  OPERATIONAL  FLIGHT  ENVELOPES 

requirement 

3-  1.7  Operational  Flight  Envelopes.  The  Operational  Flight  Envelopes 
define  the  boundaries  in  terms  of  speed,  altitude,  and  load  factor  within  which 
the  aircraft  most  be  capable  of  operating  in  order  to  accomplish  the  missions 
of  3.  1.  1.  Additional  envelopes  in  terms  of  parameters  such  as  rate  of 
descent,  flight-path  angle,  and  side  velocity  may  also  be  specified.  Envelopes 
for  each  applicable  Flight  Phase  shall  be  established  with  the  guidance  and 
approval  of  the  procuring  activity.  In  the  absence  of  specific  guidance,  the 
contractor  shall  use  the  representative  conditions  of  table  I  for  the  applicable 
Flight  Phases. 

DISCUSSION 


Operational  Flight  Envelopes  are  regions  in  speed -altitude -load  factor 
space  (additional  parameters  such  as  rate  of  descent,  flight  path  angle  and 
side  velocity  may  also  be  specified)  where  it  is  necessary  for  an  aircraft,  in 
the  configurations  and  loading  associated  with  a  given  Flight  Phase,  to  have 
very  good  flying  qualities,  as  opposed,  for  example,  to  regions  where  it  is 
only  necessary  to  ensure  that  the  aircraft  can  be  controlled  without  undue 
concentration.  The  Operational  Flight  Envelopes  are  intended  to  permit  the 
design  task  to  be  more  closely  defined.  As  a  result,  the  cost  and  complexity 
of  the  aircraft  and  possibly  the  cost  and  time  required  for  flight  testing  should 
be  appreciably,  but  logically,  reduced.  The  required  size  of  the  Operational 
Flight  Envelopes  for  a  particular  aircraft  should,  to  the  extent  possible,  be 
given  in  the  detail  specification  for  the  aircraft,  bat  some  boundaries  will 
only  be  delineated  daring  design  of  the  weapon  system.  In  defining  the  speed- 
altitude-load  factor  combinations  to  be  encompassed,  the  following  factors 
should  be  considered: 


(a)  The  Operational  Flight  Envelope  for  a  given  Flight  Phase 
should  initially  be  considered  to  be  as  large  a  portion  of 
the  associated  Service  Flight  Envelope  as  possible,  to 
permit  die  greatest  freedom  of  use  of  the  aircraft  by  the  using 
command. 

(b)  If  design  trade-offs  ludicate  that  significant  penalties  (in  terms 
of  performance,  cost,  sy-tem  complexity,  or  reliability)  are 
required  to  provide  Level  1  flying  qualities  in  the  large 
Envelope  of  (a)  above,  consideration  should  be  given  to 
restricting  the  Operational  Flight  Envelope  toward  the  min¬ 
imum  consistent  with  the  requirements  of  the  Flight  Phase 

of  the  operational  mission  under  consideration. 


Guidance  for  establishing  Operational  Flight  Envelopes  for  various 
Flight  Phases  is  contained  in  Table  I  of  Reference  1.  Almost  all  of  the 
Flight  Phases  listed  might  conceivably  make  good  use  of  extremely  low 
speeds.  Because  experience  is  lacking,  however,  the  parameter  ranges 
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shewn  are  quite  approximate;  for  er^ch  application,  careful  attention  should 
be  paid  to  refining  these  boundaries.  Information  on  the  intended  use  cf  the 
aircraft  (required  operational  capability)  should  facilitate  significantly  more 
precise  definitions  of  the  various  limits  to  be  made  for  a  specific  application, 
figure  6  of  Reference  1  illustrates  a  possible  Operational  Flight  Envelope 
for  non-terminal  transition  (NT)  based  on  the  limits  in  Table  1.  Side  vel¬ 
ocities  resulting  from  the  capability  of  translating  at  35  knots  in  any  direction 
are  indicated  on  the  V  -*  n  diagram. 

For  aircraft  requiring  a  particular  descent  capability,  additional 
envelopes  of  V~  7*  or  V  ~  6  should  be  presented.  Such  envelopes  may  in 
any  event  be  requested  by  the  procuring  activity.  The  procuring  activity 
should  also  ensure  that  the  Operational  Flight  Envelopes  encompass  the 
flight  conditions  at  which  all  appropriate  performance  guarantees  will  be 
demonstrated. 


V  ~  •  DIAGRAM  (CONSTANT  ALTITUDE! 


R*«  S  TYPICAL  OPERATIONAL  FLIGHT  ENVELOPE  FOR  FLIGHT  PHASE 
CATEGORY  B.  NON-TERMINAL  TRANSITION  (NT),  BASED  ON 
LIMITS  OF  TABLE  1  (FROM  REFERENCE  1) 
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3.  1.  8  SERVICE  FLIGHT  ENVELOPES 
REQUIREMENT 

3.  1. 8  Service  Flight  Envelopes.  For  each  Aircraft  Normal  State  (but  with 
thrust  varying  as  required},  the  contractor  shall  establish,  subject  to  the 
approval  of  the  procuring  activity.  Service  Flight  Envelopes  showing  com¬ 
binations  of  speed,  altitude,  and  load  factor  derived  from  aircraft  limits  as 
distinguished  from  mission  requirements.  Additional  envelopes  in  terms  of 
parameters  such  as  rate  of  descent,  flight-path  angle,  and  side  velocity  may 
also  be  specified.  A  certain  set  or  range  of  Aircraft  Normal  States  generally 
will  be  employed  in  the  conduct  of  a  Flight  Phase.  The  Service  Flight 
Envelopes  for  these  States,  taken  together,  shall  at  least  cover  die  Opera¬ 
tional  Flight  Envelope  for  the  pertinent  Flight  Phase.  The  speed,  altitude, 
and  load  factor  boundaries  of  the  ServI  Flight  Envelopes  shall  be  based  on 
considerations  discussed  in  3.  1.8.  1,  3.1.8.  2,  3.  1.8.3,  3.  1.8.4,  and  3.  1.8.5. 

3.  1.  8.  1  Maximum  service  speed.  The  maximum  service  speed,  VTria-»»  for 
each  altitude  below  the  service  celling  for  the  configuration  under  consideration 
is  the  lowest  of; 


a.  The  maximum  permissible  speed 

b.  The  speed  which  is  a  safe  margin  below  the  value  at  which 
intolerable  buffet  or  structural  vibration  is  encountered 

c.  The  speed  limited  by  an  extreme  nose-down  pitch  attitude 

d.  The  maximum  airspeed,  in  descents,,  from  which  recovery  can 
be  made  without  penetrating  a  safe  margin  from  loss  of  control, 
intolerable  buffet,  or  other  dangerous  behavior,  and  without 
exceeding  structural  limits. 


3.  1.  8.  2  Minimum  service  speed.  The  minimum  service  speed,  Vm;n,  for 
each  altitude  below  the  service  celling  for  the  configuration  under  considera¬ 
tion,  in  fore  and  aft  flight,  is  the  highest  algebraically  of; 


a.  35  knots  rearward  (-35  knots) 

b.  The  speed  which  is  a  safe  margin  above  the  speed  at  which 
intolerable  buffet  or  structural  vibration  is  encountered 

c.  A  speed  limited  by  reduced  forward  field  of  view  or  extreme 
nose-up  pitch  attitude 

d.  Other  speed  at  MAT  which  is  a  safe  margin  above  the  value 
where  pitch,  roll,  or  yaw  control  available  is  insufficient  to 
maintain  1-g  level-flight. 


3.  1.  8.  3  Service  side  velocity.  The  service  side-velocity  boundary  for  the 
configuration  under  consideration  is  defined  by  the  maximum  side  velocity 
associated  with  each  speed  between  Vmax  and  VjjjJj,  (as  defined  by  3.  1.8.  1  and 
3.  1.  8.  2)  from  which  recovery  to  straight  and  level  flight  can  be  made  without 
penetrating  a  safe  margin  from  loss  of  control  or  other  dangerous  behavior. 
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3.  1.8.4  Maximum  service  altitode.  The  maximum  service  altitude,  hma_x, 
for  a  given  speed  is  the  nuiimnm  altitude  at  which  a  rate  cf  climb  of  100  feet 
per  minute  can  be  maintained  in  unaccelerated  flight  with  MAT. 

3.  1.8.  5  Service  load  factors.  Maximum  [and  minimum}  service  ’sad 
factors,  n  (4)  fn(-)  ]  ,  shall  be  established  as  a  function  of  speed  hr  several 
significant  altitudes.  The  marimnn  [minimum]  service  load  factor,  when 
trimmed  for  1-g  flight  at  a  particular  speed  and  altitude,  is  the  lowest 
f highest]  algebraically  of* 

a.  The  positive  [negative^  structural  limit  load  factor 

b.  The  steady  load  factor  at  which  the  pitch  control  is  in  full 
aircraft- nose- up  [nose-down]  position  with  the  thrust  magnitude 

'  control  in  a  position  to  marimi^  [mimmixej  the  load  factor 

c.  A  safe  margin  below [ above]  the  load  factor  at  which  intolerable 
buffet  or  structural  vibration  is  encountered. 

DISCUSSION 

For  each  Aircraft  Normal  State  (with  thrust  varying)  there  is  an  associ¬ 
ated  Service  Flight  Envelope  which  defines  the  boundaries  of  speed,  altitude; 
load  factor,  and  any  additional  limits  as  required,  within  which  the  aircraft 
is  capable  of  safely  operating.  The  limits  of  safe  operation  are  defined  by 
the  maximum  and  mimmun  service  speed,  tire  maximum  and  minimum 
service  load  factors,  the  maximum  service  altitude  and  the  service  side 
velocity.  Sections  3.  1.8.  1  through  3.  1.8.  5  of  Reference  1. 

A  range  of  Aircraft  Normal  States  will  usually  be  required  to  perform 
a  specific  Flight  Phase.  The  corresponding  Service  Flight  Envelopes  taken 
together  shall  at  least  cover  the  volume  of  the  Operational  Flight  Envelope 
corresponding  to  the  Flight  Phase.  Figure  7  of  Reference  )  provides  a 
sketch  to  illustrate  this  concept  for  V  ~  k  and  V-  »  diagrams. 

The  volume  formed  by  die  Service  Flight  Envelopes  encompasses  the 
Operational  Flight  Envelope  and  demotes  the  extent  of  flight  conditions  that 
can  be  encountered  without  fear  of  exceeding  aircraft  limitation*;  (safe 
margins  should  be  determined  analytically  and  experimentally).  Require¬ 
ments  for  the  conditions  outside  the  Operational  Flight  Envelope  are  less 
severe,  but  still  stringent  enough  that  the  pilot  can  accomplish  the  associ¬ 
ated  mission  Flight  Phase.  Mission  effectiveness  or  pilot  workload,  or 
both,  however,  may  suffer  somewhat  even  with  no  failures. 

This  Envelope  is-  intended  to  ensure  that  any  deterioration  of  handling 
qualities  wall  be  gradual  as  flight  proceeds  out  from  the  limits  of  die 
Operational  Flight  Envelope.  This  serves  two  purposes.  It  provides  some 
degree  of  mission  effectiveness  for  possible  unforeseen  alternate  uses  of 
the  aircraft,  and  it  also  allows  for  possible  inadvertent  flight  outside  the 
Operational  Flight  Envelope. 


VELOCITY  -ALTITUDE 


Hgm7  TYPICAL  RELATIONSMP  BETWEEN  OPERATIONAL  ENVELOPE  AND 

SERVICE  FLIGHT  ENVELOPE  FOR  A  GfVBi  FLIGHT  PHASE  REQUIRING 
TWO  NORMAL  STATES  (FROM  REFERENCE  1) 
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3.  1.  9  PERMISSIBLE  FLIGHT  ENVELOPES 
REQUIREMENT 

3.  1.  9  Permissible  Flight  Envelopes.  The  Permissible  Flight  Envelopes 
encompass  all  regions  in  which  operation  of  the  aircraft  is  both  allowable 
and  possible.  These  are  the  boundaries  of  flight  conditions  outside  the 
Service  Flight  Envelope  which  the  aircraft  is  capable  of  safely  encountering. 

T ransient  load  factors,  power  settings,  and  emergency  thrust  settings  may  be 
representative  of  such  conditions.  The  Permissible  Flight  Envelopes  define 
the  boundaries  of  these  areas  in  terms  of  velocity,  altitude,  and  load  factor. 
Additional  envelopes,  in  terms  of  parameters  such  as  rate  of  descent,  flight - 
path  angle,  and  side  velocity  may  also  be  specified. 

3-  1.  9-  1  Maximum  permissible  speed.  The  maximum  permissible  speed  for 
each  permissible  altitude  for  the  configuration  under  consideration  shall  be 
the  lowest  of * 


a.  The  limit  speed  based  on  structural  considerations 

b.  The  limit  speed  based  on  engine  considerations 

c.  The  speed  at  which  intolerable  buffet  or  structural  vibration 
is  encountered 

d.  The  maximum  airspeed,  in  descents,  from  which  recovery  can 
be  made  without  encountering  loss  of  control,  intolerable 
buffet  or  structural  vibration,  and  without  exceeding  structural 
limits. 


3-  1-  9-  Z  Minimum  permissible  speed.  The  minimum  permissible  speed  for 
each  permissible  altitude  for  die  configuration  under  consideration,  in  fore 
and  aft  flight,  shall  be  the  highest  algebraically  on 


a.  35  knots  rearward  (-35  knots) 

b.  The  speed,  at  MAT,  below  which  pitch,  roll,  or  yaw  control 
available  is  insufficient  to  maintain  1-g  level  flight 

c.  The  speed  below  which  intolerable  buffet  or  structural  vibration 
is  encountered. 


DISCUSSION 

It  would  be  unreasonable  to  demand  Level  Z  flying  qualities  right  up 
to  stall,  dive,  and  similar  limits.  Therefore  the  Service  Flight  Envelopes, 
where  Level  Z  is  demanded  for  normal  operation,  may  be  cut  short  of  these 
limits. 

At  each  Aircraft  Normal  State  (but  with  allowable  thrust  range)  the 
maximum  and  minimum  permissible  speed  can  and  must  be  defined  for  the 
pilot's  information.  Even  in  the  case  where  a  single  variable  (such  as  wing 
tilt  angle,  nozzle  angle,  duct  angle,  etc. )  defines  the  transition  configuration. 
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the  relation  between  Normal  State  and  speed  can  be  complex.  It  is  therefore 
desirable  that  some  way  of  indicating  approach  to  the  permissible  boundary 
be  provided. 

It  is  important  to  realize  that  the  concept  of  Flight  Envelopes  as  used 
in  die  specification  applies  to  fixed  configurations  [1  =  0.  see  Figure  1(3.  1.  9)] 
Unless  this  extra  dimension  is  remembered,  it  apparently  becomes  possible 
to  have  flight  outside  the  Permissible  Flight  Envelope  [Figure  1(3.  1.9)1  • 
There  is  no  basic  reason  why  it  should  not  be  possible  to  encounter  a  com¬ 
bination  of  X  and  V,  while  in  rapid  acceleration  or  deceleration,  that  is 
outside  the  Permissible  Flight  Envelope  for  fixed  configuration.  Presumably, 
if  die  Envelope  was  as  indicated  on  Figure  1(3.  1.  9),  stopping  configuration 
change  at  A  (defined  by  1(A),  V(A)  j  would  result  in  equilibrium  being 
achieved  at  B  [defined  by  X  (B),  V(B),  where  X  (A)  =  X  (B)  J  .  Point  B 
should  be  within  the  Permissible  Flight  Envelope.  If  B  is  not  within  the 
Permissible  Flight  Envelope  then,  by  definition,  the  transition  trajectory  on 
which  A  lies  is  not  permissible.  The  relation  of  Flight  Envelopes  to  tran¬ 
sition  txajecto'  ies  is  discussed  in  more  detail  in  the  dicussion  of  require¬ 
ments  in  Section  3.4. 


Conversion  Speed,  V'COB1 


The  possible  choices  for  defining  the  conversion  speed,  Vcon,  are 
discussed  at  length  earlier  in  tins  document  (Section  1.  1,  Scope).  The  cur¬ 
rent  version  of  die  requirements  (Reference  l)  leaves  the  final  choice  to 
agreement  between  the  contractor  and  the  procuring  activity. 

If  a  definition  of  Vcon  is  chosen  that  is  related  to  flying  qualities,  such 
as  by  die  speed  corresponding  to  a  value  of  then  Vcon  would  in  general 

be  different  at  each  configuration.  This  has  been  indicated  in  die  hypothetical 
case  sketched  in  Figure  1(3.  1.  9).  At  first  sight  this  may  be  a  little  startling, 
especially  if  for  die  fully  converted  configuration  (  X  -  0)  is  less  than 

the  maximum  speed  at  which  conversion  can  be  commenced  (UN  for 

unlocked).  There  is,  of  course,  no  real  conflict  since  the  concept  of  Vcon, 
and  all  the  requirements  except  those  related  to  the  transition  mzneover 
itself  (3.4)  when  X  /  0,  only  apply  to  fixed  configuration  conditions.  The 
transition  requirements  (l  /  0)  apply  for  any  transition  for  all  speeds  up 
to  VUN. 


3. 1.  10  APPLICATION  OF  LEVELS 


3. 1. 10  AppUcitin—  of  Levels.  Levels  of  flying  qualities  as  indicated  in 
1.5  axe  employed S Bus  specification  in  realisation  of  the  possibility  that  the 
aircraft  nay  be  required  to  operate  under  abnormal  conditions.  Such 
ahno qualities  that  may  occur  as  a  result  of  either  flight  outside  die  Opera¬ 
tional  Flight  Envelope,  the  failure  of  aircraft  components,  or  both,  are 
permitted  to  comply  with  a  degraded  Level  of  flying  qualities  as  specified  in 

3. 1. 10. 1  through  3. 1.  IQ.  3.  3. 


3. 1. 10. 1  Requirements  for  Aircraft  Normal  States.  The  minimum  required 
Hying  qualities  for  AircratETNormal  States  (3.  1.6.  If  are  as  shown  in  table  II. 


TABLE  II.  Levels  for  Aircraft  Komi  States 


fitfcil 

Operational  Flight 

Vi  this 

Service  Fli^it 
Envelope 

Level  1 

Level  2 

3. 1. 10.2  Requirements  for  Aircraft  Failure  States.  When  Aircraft 
Failure  Stales  earist  (j.  1.  6.  2),  a  degradation  in  flying  qualities  is  permitted 
only  if  the  probability  of  enrounferiug  a  lower  Level  than  specified  in  3.  1.  10.  1 
is  snrfliriratly  small.  The  contractor  shall  determine,  based  on  the  most 
accurate  available  data,  the  probability  of  occurrence  of  each  Aircraft  Failure 
State  per  flight  and  the  effect  of  that  Failure  State  on  the  flying  qualities 
within  the  Operational  and  Service  Flight  Envelopes.  These  analyses  shall  be 
updated  at  intervals  specified  by  he  procuring  activity.  These  determinations 
shall  be  bused  on  MIL-SI  1>- 756  except  that  (a)  all  aircraft  components  and 
systems  axe  assumed  to  be  operating  fer  a  time  period,  per  flight,  equal  to 
the  longest  operational  mission  time  to  be  considered  by  the  contractor  in 
designing  the  aircraft,  and  (fa)  each  specific  failure  is  assumed  to  be  present 
at  whichever  point  in  tibe  Flight  Envelope  being  considered  is  most  critical 
(in  the  flying  qualities  sense).  From  these  Failure  State  probabilities  and 
effects,  tike  contractor  shall  determine  the  overall  probability,  per  flight, 
that  one  or  more  Hying  qualities  are  degraded  to  Level  2  because  of  one  or 
more  failures.  The  contractor  shall  also  determine  probability  that  ore 
or  more  flying  qualities  are  degraded  to  Level  3.  These  probabilities  shall 
be  less  than  the  values  shown  in  table  ITT. 


TABLE  HI.  Levels  for  Aircraft  Failure  States 


lfithin  Opr  rati  null 
Flight  Envelope 

lfithin  Service 
Flight  Envelope 

<  10'2  per  flight 

<  lir4  per  flight 

<  10'^  per  flight 

ility  of 


(Level  2  after  failure 


(Level  3  after  fail 
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In  no  case  shall  a  Failure  State  {except  an  approved  Special  Failure  State) 
degrade  any  flying  quality  outside  the  Level  3  limit. 

3.  1.  10.  2.  1  Specific  failures.  The  requirements  on  the  effects  of  specific 
types  of  failures,  e.  g. ,  propulsion  (3. 8.  9)  or  flight  control  system  (3.  5.  5), 
shall  be  met  on  the  basis  that  the  specific  type  of  failure  has  occurred, 
regardless  of  its  probability  of  occurrence. 

3.  1.  10.  3  Exceptions 

3.  1.  10.  3.  1  Ground  operation.  Some  requirements  pertaining  to  takeoff, 
landing,  and  taxiing  involve  operation  outside  the  Operational,  Service  and 
Permissible  Flight  Envelopes.  When  requirements  are  stated  for  these 
conditions,  the  Levels  shall  be  applied  as  if  the  conditions  were  in  the 
Operational  Flight  Envelope. 

3.  1.  10.  3.  2  When  Levels  are  not  specified.  Within  the  Operational  and 
Service  Flight  Envelopes,  all  requirements  that  are  not  identified  with  specific 
Levels  shall  be  met  under  all  conditions  of  component  and  system  failure 
except  approved  Aircraft  Special  Failure  States  (3.  1.  6.  2.  1). 

3.  1.  10.  3.  3  Flight  outside  the  Service  Flight  Envelope.  F rom  all  points 
in  the  Permissible  Flight  Envelope,  it  shall  be  possible  readily  and  safely 
to  return  to  the  Service  Flight  Envelope  without  exceptional  pilot  skill  or 
technique,  regardless  of  compo*.-~~  r  ~  system  failures.  The  requirements 
of  3.  8.  1  and  3.  8. 2  shall  also  apply. 

3.  1.  10.  3.4  Operation  in  critical  height-velocity  conditions.  Some  propul¬ 
sion  system  failures  in  the  critical  height-velocity  regime  may  be  cata¬ 
strophic.  Although  the  aircraft  would  not  meet  the  requirements  of  3.  1.  10.  3.  3 
for  flight  within  the  Permissible  Flight  Envelope  following  such  propulsion 
system  failures,  there  may  be  cases  where  the  critical  height-velocity  con¬ 
ditions  will  fall  within  the  Operational  Flight  Envelope  for  all  otter  Aircraft 
States  because  flight  under  these  conditions  is  essential  to  accomplishment 
of  the  operational  missions  of  3.  1.  1.  Special  requirements  may  be  specified 
by  the  procuring  activity  for  conditions  encountered  during  and  after  the  pro¬ 
pulsion  system  failure.  The  size  of  the  critical  height-velocity  regime  is 
subject  to  the  approval  of  the  procuring  activity. 

DISCUSSION 

The  concept  of  Levels  has  been  applied  exactly  as  developed  for  MIL- 
F-8785B  (Reference  10). 

Higher  performance  of  aircraft  has  led  to  ever-expanding  Flight  Enve¬ 
lopes,  increased  control  system  complexity,  and  the  necessity  to  face  the 
problem  of  equipment  failures  in  a  realistic  manner.  The  Level  concept  is 
directed  at  the  achievement  of  adequate  flying  qualities  without  imposing 
undue  requirements  that  could  lead  to  unwarranted  system  complexity  or 
decreased  flight  safety.  Without  actually  requiring  a  good  basic  airframe. 
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•  High  probability  of  good  flying  qualities  where  the  airplane 
is  expected  to  be  used. 

•  Acceptable  flying  qualities  in  reasonably  likely,  yet 
infrequently  expected,  conditions. 

•  A  floor  to  assure,  to  the  greatest  extent  possible,  at  least 
a  flyable  airplane  no  matter  what  failures  occur. 

•  A  process  to  assure  that  all  the  ramifications  of  reliance  on 
powered  controls,  stability  augmentation,  etc.,  receive 
proper  attention. 


In  short,  a  systems  approach  to  the  requirement  specification  is  used.  The 
following  paragraphs  discuss  this  concept  in  some  detail. 


The  Level  approach  is  straightforward  in  concept.  The  requirements 
specified  for  normal  operation  (no  system  failures)  provide  desirable  flying 
qualities.  Equipment  failures,  however,  either  in  the  flight  control  system 
or  other  subsystems,  can  cause  a  degradation  in  flying  qualities.  The 
emphasis  in  the  specification  is  on  the  effects  of  failures,  rather  than  the 
failures  themselves.  Limited  degradation  of  flying  qualities  (e.  g.  ,  Level  1 
to  Level~2)  is  acceptable  if  die  combined  probability  of  such  degradation  is 
small.  If  the  probability  is  high,  then  no  degradation  beyond  die  Level  re¬ 
quired  for  Normal  States  is  acceptable  after  die  failure  occurs.  Another 
way  of  stating  this  is  that  in  the  Operational  Envelope  the  probability  of 
encountering  Level  2  any  time  at  all  on  a  given  flight  must  not  exceed  10~^, 
and  the  probability  of  encountering  Level  3  on  any  portion  of  the  flight  must 
not  exceed  10~*.  Somewhat  reduced  requirements  are  imposed  for  flight 
within  the  Service  Flight  Envelope,  for  both  Normal  and  Failure  Slates. 
Outside  the  Service  Flight  Envelope,  most  of  the  requirements  of  the  V/STOL 
Specification  do  not  apply.  There  is  a  qualitative  requirement  in  3.  1.  10.  3.  3 
which  refers  to  the  requirements  that  do  still  apply. 

NumericalProbabilities 


The  numerical  values  can,  of  course,  be  changed  by  the  procuring 
agency  to  reflect  specific  requirements  for  a  given  weapon  system.  The 
procuring  activity  engineer  should,  as  a  matter  of  course,  confer  with  both/ 
the  using  command  representative  and  the  reliability  engineers  to  assure 
that  the  probabilities  associated  with  the  Levels  are  consistent  with  the 
design  goals.  However,  the  values  given  are  reasonable,  based  on  experi¬ 
ence  with  contemporary  (non-V/STOL)  aircraft.  To  illustrate  this,  the 
following  table  presents  actual  control  system  failure  information  for 
several  piloted  aircraft: 
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Source 


System 


Mean  Time  Between  Malfunctions 


(MTBM) 

Ref  23 

F-101B 

86  hours 

Ref  23 

F- 104 

300  hours 

Ref  23 

F-105D  (Flight  Control 

plus  Electronics) 

14  hours 

Ref  23 

E-IB 

185  hours 

Ref  24 

B-58 

20  hours 

Unfortunately  the  flying  qualities  effects  of  the  reported  failures  are  not 
given  along  with  the  above  data.  Reference  25  indicates,  however,  that  the 
mean  time  between  "critical*  failures  is  about  five  times  the  MTBM-  If 
“critical"  failures  are  ones  that  degrade  one  or  more  flying  qualities  to 
Level  2,  then  for  a  typical  average  flight  time  of  four  hours: 

P  (Level  2J  =  Probability  of  encountering  Level  2  flying  qualities 
during  a  single  flight 

=  /-  e 


This  yields; 


-y 

SlMTtUt) 


System  P  (Level  2) 


F-101B 

.0093 

F-104 

.0027 

F-105B 

.057 

E-IB 

.0043 

B-58 

.040 

which  indicates  that  all  systems,  with  die  exception  of  the  F-105D  (where 
electronic  components  represented  in  die  data  might  not  degrade  flying  qual¬ 
ities  upon  failure)  and  the  B-58,  meet  die  requirement  for  P  (Level  2) 

<10~2  (or  one  out  of  a  hundred  flights).  Numbers  of  roughly  die  same  mag¬ 
nitude  have  been  used  for  both  American  (Reference  26)  and  Anglo-French 
(Reference  27)  supersonic  transport  design. 

A  sic  liar  comparison  can  be  made  between  accident  loss  rates  and 
the  requirement  for  P  (Level  3)  <  10"*  .  It  should  be  emphasized  that  Level  3 
as  defined  in  paragraph  1.5  and  in  the  requirements  represents  a  safe  aircraft 
to  fly.  However,  due  to  a  lack  of  knowledge  in  some  instances,  especially 
when  many  flying  qualities  are  degraded  at  once,  the  Level  3  boundaries  are 
at  least  "safety  related".  Reference  28  indicates  the  following  aircraft 
accident  loss  rates  during  1967.  Also  shown  is  the  probability  of  aircraft 
loss,  per  4-hour  flight,  for  an  assumed  exponential  loss  distribution. 


Aircraft 


1967  Loss  Rate 
(losses/ 100,  000  hours) 


Probability  of  Loss 
during  4-Hour  Flight 


F-101 

15 

6  x  10-4 

F-104 

23 

9-  2  x  10"4 

F-105 

17 

6.8  x  10"4 

F-106 

10 

4  x  10"4 

F-4 

14.1 

5.64  x  10" 

F-102 

9 

3.  6  x  10"4 

F-100 

10 

4  x  10"4 

Avg  14 

-4 

Avg  5.6  x  10 

If  Level  3  represented  a  safety  problem,  which  it  conservatively  coes  not, 
then  the  allowable  10  probability  of  encounter  per  flight  would  account  for 
about  1/4  to  1/9  of  die  total  probability  of  aircraft  loss.  That  is,  flying - 
qualities -oriented  losses  would  represent  about  1/4  to  1/9  of  all  losses. 
Other  losses  could  be  die  to  engine  failures,  etc.  Based  on  experience, 
therefore,  the  specified  value  is  reasonable. 

As  a  final  note.  Reference  29  indicates  an  Army  aircraft  accident 
rate  of  22.2/100,  000  hours  which  is  very  close  to  the  previously  cited  expe¬ 
rience  with  a  number  of  Air  Force  aircraft. 

Implementation 

Implementation  of  the  Level  concept  involves  both  reliability 
analyses  (to  predict  failure  probabilities}  and  failure  effect  analyses  (to 
insure  compliance  with  requirements).  Both  types  of  analyses  are  in  direct 
accord  with,  and  in  the  spirit  of,  ML-STD-7S6A  (reliability  prediction)  and 
MLL-STD-882  (safety  engineering).  These  related  specifications  are,  in 
turn,  mandatory  for  use  by  all  Departments  and  Agencies  of  the  Department 
of  Defense.  Implementation  of  the  flying  qualities  specification  is,  for  the 
most  part,  a  onion  of  die  work  required  by  these  related  specifications  with 
normal  stability  and- control  analysis. 


Failure  States  influence  the  airplane  configurations,  and  even  the 
mission  Flight  Phases,  to  be  considered  All  failures  must  be  examined 
which  could  have  occurred  previously,  as  well  as  all  failures  which  might 
occur  during  the  Flight  Phase  being  analysed.  For  example,  failure  of  the 
wings  to  tilt  op  during  descent  would  require  consideration  of  a  wings -down 
landing  that  otherwise  would  never  be  encountered.  There  are  failures  that 
would  always  result  in  an  aborted  mission,  even  in  a  war  emergency.  The 
pertinent  Flight  Phases  after  such  failures  would  be  those  required  to  com¬ 
plete  the  aborted  (rather  than  the  planned)  mission.  For  example,  failure 
of  the  wing  to  tilt  down  after  takeoff  might  mean  a. landing  with  die  wing  at  the 
takeoff  setting,  with  certain  unexpended  external  stores;  but  cruise  would 
be  impossible.  If  the  mission  might  be  either  continued  or  aborted,  both 
contingencies  need  to  be  examined. 
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A  typical  approach  (but  not  the  only  one)  for  the  system  contractor 
is  outlined  below; 

Initial  Design:  The  basic  airframe  is  designed  for  a  Level  1 
‘target-  in  respect  to  most  flying  qualities  in  the  Operational  Flight 
Envelope.  It  may  quickly  become  apparent  that  some  design  penalties 
would  ba  inordinate  (perhaps  to  provide  sufficient  aerodynamic 
damping  of  the  short-period  and  Dutch-roll  modes  at  high  altitude); 
in  those  cases  the  basic-airframe  "target*  would  be  shifted  to  Level 
2.  In  other  cases  it  may  be  relatively  painless  to  extend  some 
Level  1  flying  qualifies  over  the  wider  range  of  die  Service  Flight 
Envelope.  Generally  the  design  will  result  in  Level  1  flying 
qualities  in  some  regions  and,  perhaps.  Level  2  or  Level  3  in 
others.  Augmentation  of  one  form  or  another  (aerodynamic  con¬ 
figuration  changes,  response  feedback,  control  feedforward, 
signal  shaping,  etc.)  would  be  incorporated  to  bring  flying  qualities 
up  to  Level  1  in  the  Operational  Flight  Envelope  and  to  Level  2  in 
the  Service  Flight  Envelope. 

Initial  Evaluation:  The  reliability  and  failure  mode  analyses  are 

next  performed  to  evaluate  the  nominal  system  design  evolved 
above.  All  aircraft  subsystem  failures  that  affect  Hying  qualities 
are  considered.  Failure  rate  data  for  these  analyses  may  be  those 
specified  in  fixe  related  specifications,  other  data  with  supporting 
substantiation  and  approval  as  necessary,  or  specific  values  pro¬ 
vided  by  the  procuring  agency.  Prediction  methods  used  will  be  in 
accordance  with  related  specifications .  The  results  of  this  eval¬ 
uation  will  provide; 

a)  a  detailed  outline  of  design  points  that  are  critical 
from  a  flying  qualities  /flight  safety  standpoint, 

b)  quantitative  predictions  of  the  probability  of 
encountering  Level  2  in  a  single  flight  within  the 
Operational  Envelope,  Level  3  in  the  Operational 
Envelope,  and  Level  3  in  fixe  Service  Envelope,  and 

c)  recommend  airframe /equipment  changes  to  improve 
flying  qualities  or  increase  subsystem  reliability  to 
meet  fixe  specification  requirements . 

It  should  be  noted  fiat  fixe  flying  qualities  /flight  safety  requirements 
are  concerned  with  failure  mode  effects,  while  other  specifications 
provide  reliability  requirements  per  se  (all  failures  regardless  of 
failure  effects).  In  the  event  of  a  conflict,  the  most  stringent 
requirement  should  apply. 

~<e- Evaluation;  As  the  system  design  progresses,  file  initial  eval¬ 

uation  is  revised  at  intervals.  This  process  continues  throughout 
the  design  phase.  The  results  of  the  analyses  of  vehicle  flying 
qualities /flight  safety  may  be  used  directly  to; 


a)  establish  flight  test  points  that  are  critical  and  should 
be  emphasized  in  the  flight  test  program. 

b)  establish  pilot  training  requirements  for  the  most 
probable,  and  critical,  flight  conditions,  and 

c)  provide  guidance  and  requirements  for  other  subsystem 
designs. 

Proof  of  compliance  is,  for  the  most  part,  analytical  in  nature  as 
far  as  probabilities  of  failure  are  concerned.  However,  some  equip¬ 
ment  failure  rate  data  may  become  available  daring  final  design 
phases  and  daring  flight  test,  and  any  data  from  there  or  other 
test  programs  should  be  used  to  farther  demonstrate  compliance. 
Stability  and  control  data  of  die  usual  type  (e.  g.  ,  predictions,  wind 
tunnel,  flight  test)  will  also  be  used  to  demonstrate  compliance. 
Finally,  the  results  of  all  analyses  and  tests  will  be  subject  to 
normal  procedures  of  procuring  agency  approval. 


Specific  Failures:  There  are  some  specific  requirements  pertaining  to 
failure  of  the  engines  and  the  flight  control  system  (e.g. ,  3-  8. 10).  For 
these  requirements  the  specific  failure  is  assumed  to  occur  (with  a  proba¬ 
bility  of  1),  with  other  failures  considered  at  their  own  probabilities.  For 
all  other  requirements,  the  actual  probabilities  of  engine  and  flight  control 
system  failure  are  to  be  accounted  for  in  the  same  manner  as  for  other 
failures. 

Special  Failures:  Note  that  certain  Special  Failure  States  (3.  1.  fc.  2. 1)  may 
be  approved;  these  Failure  States  need  not  be  considered  in  determining  the 
probability  of  encountering  degradation  to  Level  3.  This  allows  each  cata¬ 
strophic  failure  possibility  to  be  considered  on  its  own.  Requiring  approval 
for  each  Special  Failure  State  gives  the  procuring  activity  an  opportunity  to 
examine  all  the  pertinent  survivability  and  vulnerability  aspects  of  each  de¬ 
sign.  Survivability  and  vulnerability  are  important  considerations,  but  it  has 
not  yet  been  possible  to  relate  any  specific  flying  qualities  requirements  to 
them. 

Operation  in  Critical  Height- Velocity  Conditions:  It  is  realized  that  certain 
types  of  V/STOL  will  occasionally  be  required  to  operate  within  their  critical 
height- velocity  regions.  The  apparent  conflict  is  recognized  by  Section 
3.  1.  10.  3.  4  (Reference  1)  which  requires  the  procuring  activity  to  give  special 
consideration  to  the  critical  height  -velocity  boundaries.  The  time  to  set  the 
allowable  size  of  this  <egion  is  early-  in  the  design  stage,  while  configuration 
changes  are  still  feasible. 


In  summary,  the  Level  concept  was  evolved  in  recognition  of  the 
obvious  fact  that  flying  qualities,  flight  safety,  and  system  reliability  are 
all  very  much  related  in  the  development  of  current  pii  ed  aircraft.  This 
interrelationship  is  being  exploited  to  improve  aircraft  in  terms  of  overall 
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effectiveness.  The  net  result  can  be  system  improvement  with  a  minimum 
expenditure  of  effort.  Examples,  using  a  similar  approach,  are  presented  in 
References  30.  31.  32.  and  33. 


Additional  insight  into  the  application  of  Levels  is  given  in  paragraph 
6-  5  of  Reference  1  as  follows: 


*6.  5  Application  of  Levels.  Part  of  the  intent  of  3.  1.  10  is  to  ensure  that 
the  probability  of  encountering  significantly  degraded  flying  qualities  be¬ 
cause  of  component  or  subsystem  failures  is  small.  For  example,  the  pro¬ 
bability  of  encountering  very  degraded  flying  qualities  (Level  3)  must  be  less 
than  specified  values  per  flight. 

6.  5.  1  Theoretical  compliance.  To  determine  theoretical  compliance  with 
the  requirements  of  3-  1.  10.  2,  the  following  steps  must  be  performed: 

a.  Identify  those  Aircraft  Failure  States  which  have  a  significant  effect 
on  flying  qualities  (3.  1.6.2). 


b.  Define  die  longest  flight  duration  to  be  encounter  id  during  operational 
missions  (3.  1.  1). 


c.  Determine  the  probability  of  encountering  various  Aircraft  Failure 
States,  per  flight,  based  on  the  above  flight  duration  (3.  1.  1 0.2). 


d.  Determine  the  degree  of  flying  qualities  degradation  associated  with 
each  Aircraft  Failure  State  in  terms  of  Levels  as  defined  in  the  specific 
requirements  . 

e.  Determine  the  most  critical  Aircraft  Failure  States  (assuming  the 
failures  are  present  at  whichever  point  in  the  Flight  Envelope  being  con¬ 
sidered  is  most  critical  in  a  flying  qualities  sense),  and  compute  the  total 
probability  of  encountering  Level  2  flying  qualities  in  the  Operational  Flight 
Envelope  due  to  equipment  failures.  Likewise,  compute  die  probability  of 
encountering  Level  3  flying  qualities  in  the  Operational  Flight  Envelope,  etc. 


f.  Compare  the  computed  values  above  with  the  requirements  in  3.  1.  10.2 
and  3-  1.  10.  3. 


If  the  requirements  are  not  met,  the  designer  most  consider  alternate  courses 
such  as: 


(a)  Improve  the  aircraft  flying  qualities  associated  with  die  more 
probable  Failure  States,  or 

(b)  Reduce  the  probability  of  encountering  the  more  probable 
Failure  States  through  equipment  redesign,  redundancy,  etc. 
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Regardless  of  the  probability  of  encountering  any  given  Aircraft  Failure 
States  (with  the  exception  of  Special  Failure  States)  the  flying  qualities 
shall  not  degrade  below  Level  3. 


6.  5.  2  Level  definitions.  To  determine  the  degradation  in  flying  qualities 
parameters  for  a  given  Aircraft  Failure  State  the  following  definitions  are 

provided; 

a.  Level  1  is  better  than  or  equal  to  the  Level  1  boundary,  or  number, 
given  in  section  3, 

b.  Level  2  is  worse  than  Level  1,  bat  no  worse  than  the  Level  2  boundary, 
or  number. 

c.  Level  3  is  worse  than  Level  2,  bat  no  worse  than  the  Level  3  boundary, 
or  number. 

When  a  given  boundary,  or  number,  is  identified  as  Level  1  and  Level  2, 
tins  means  that  flying  qualities  outside  the  boundary  conditions  shown,  or 
worse  than  the  number  given,  are  at  best  Level  3  flying  qualities.  Also, 
since  Level  1  and  Level  2  requirements  are  the  same,  flying  qualities  must 
be  within  tins  common  boundary,  or  number,  in  both  the  Operational  and 
Service  Flight  Envelopes  for  Aircraft  Normal  States  {3-  1.  10.  1).  Aircraft 
Failure  States  that  do  not  degrade  flying  qualities  beyond  this  common  boun¬ 
dary  are  not  considered  in  meeting  the  requirements  of  3. 1.  10.  2.  Aircraft 
Failure  States  that  represent  degradations  to  Level  3  must,  however,  be 
included  in  the  computation  of  the  probability  of  encountering  Level  3  degra¬ 
dations  in  both  tile  Operational  and  Service  Flight  Envelopes.  Again,  degra¬ 
dation  beyond  the  Level  3  boundary  is  not  permitted  regardless  of  component 
failures. 

6.5.3  Computational  assumptions.  Assumptions  a  and  b  of  3.  1.  10.2  are 
somewhat  conservative,  but  they  simplify  the  required  computations  in 
3.  1.  10.  2  and  provide  a  set  of  workable  ground  rules  for  theoretical  pre¬ 
dictions.  The  reasons  for  these  assumptions  are: 

a.  *.  .  .  components  and  systems  are.  ...  operating  for  a  time  period  per  flight 

equal  to  the.  longest  operational  mission  time.  _ _ "  Since  most  component 

failure  data  are  in  terms  of  failures  per  flight  hour,  even  though  continuous 
operation  may  not  be  typical  (e.g.,  yaw  damper  on  during  supersonic  flight 
only),  failure  probabilities  must  be  predicted  on  a  per  flight  basis  using  a 
"typical"  total  flight  time.  The  "longest  operational  mission  time”  as 
"typical”  is  a  natural  result.  If  acceptance  cycles -to -failure  reliability  data 
are  available  (Mil— STD-756),  these  data  may  be  used  for  prediction  purposes 
based  cm  maximum  cycles  per  operational  mission,  subject  to  procuring 
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activity  approval.  Also,  finite  wearout  life  components,  such  as  engines  at 
maximum  takeoff  thrust,  may  be  considered  as  exceptions  and  failure  cal¬ 
culations  shall  be  based  on  mairimnm  normal  operating  time  per  flight  in 
these  cases,  again  subject  to  procuring  activity  approval.  In  any  event, 
compliance  with  the  requirements  of  3.  1.  10.  2,  as  determined  in  accordance 
with  section  4,  is  based  on  the  probability  of  encounter  per  flight. 


b.  "..  .failure  is  assumed  to  be  present  at  whichever  point.  ..is  most 

critical _ _  *  This  assumption  is  in  keeping  with  the  requirements  of  3.  1.6.2 

regarding  Flight  Phases  subsequent  to  die  actual  failure  in  question.  In 

cases  that  are  unrealistic  from  the  operational  standpoint,  the  specific  Air¬ 
craft  Failure  States  might  fall  in  the  Aircraft  Special  Failure  State  classi¬ 
fication  (3.  1.  6.  2.  1).  * 
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3-  1.  11  COCKPIT  CONTROLS 
REQUIREMENT 

1*11  Cockpit  controls.  Requirements  are  written  on  the  basis  of  con¬ 
ventional  cockpit  controls*  e.  g.  ,  stick  or  wheel  pins  rodder  pedals*  with 
either  a  conventional  throttle  or  a  helicopter- type  collective  control.  The 
form  at  thrust  angle  control  has  not  been  assumed.  Aircraft  having  cockpit 
controls  other  than  conventional  (e.g.,  side  arm  control)  are  excluded  from 
the  requirements  which  reflect  the  type  of  control  (e.  g.  ,  response  to  a 
3-loch  stick  deflection)*  bat  not  others  (e.g.  ,  roll  performance  requirements). 
The  procuring  activity  will  impose  alternate  requirements  for  none ouv entional 
cockpit  controls. 

DISCUSSION 

Some  unusual  controllers,  and  methods  of  control,  for  V TOC's  have 
he*11  suggested  in  die  literature.  For  example,  side-arm  controllers,  side- 
force  controllers,  lift  engine  thrust  control  through  pitch  control  stick, 
e«c.  All  such  innovations  cannot  possibly  be  foreseen  and  covered  in  a 
general  fifing  qualities  specification  and  therefore  only  "conventional*  con¬ 
trols,  as  described  in  3.  1.  11,  are  considered.  The  requirements  concerned 
with  vehicle  performance,  for  example,  the  roll  requironects  of  3.  3.  10,  are 
believed  to  be  applicable  regardless  of  cockpit  control  arrangements. 
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3.2 


HOVER  AND  LOW  SPEED 


REQUIREMENT 

3-  2  Hover  and  low  speed.  The  hover  and  low-speed  requirements  apply 
to  those  Plight  Phases  of  the  operational  missions  of  the  aircraft  which 
include  hovering  at  zero  ground  speed  in  steady  winds  from  any  direction  up 
to  the  limits  of  the  Service  Plight  Envelope,  and  maneuvering  in  any  direc¬ 
tion  at  speeds  up  to  the  limits  of  the  Service  Flight  Envelope,  except  that  the 
requirements  specified  under  3.  3  apply  for  those  conditions  where  the  for¬ 
ward  speed  component  is  greater  than  35  knots  TAS.  The  requirements  of 
3.5,  3.6,  3.7,  and  3.8  are  also  applicable  in  this  speed  regime. 

DISCUSSION 

This  paragraph  is  a  general  introduction  which  delineates  the  flight 
conditions  at  which  the  subsequent  requirements  must  be  satisfied.  The 
reason  for  satisfying  requirements  within  the  Service  Flight  Envelope  rather 
than  within  the  Operational  Flight  Envelope  is  to  prevent  the  possibility  of  a 
rapid  deterioration  in  flying  qualities  for  those  situations  where  flight  con¬ 
ditions  between  the  Operational  and  Service  Flight  Envelopes  can  be  easily 
encountered.  Flight  Envelopes  are  discussed  in  Sections  3.  1.7,  3.  1.8,  and 
3.  1.  9. 


The  rationale  for  dividing  die  specification  into  the  various  sections 
is  discussed  at  some  length  in  Section  HI  of  this  report.  Specification 
Structure  and  Philosophy. 

It  should  Jbe  noted  that  die  requirements  specified  for  the  character¬ 
istics  of  the  flight  control  system  (3.  5),  takeoff  and  landing  (3.6^  atmospher¬ 
ic  disturbances  (3.  7)  and  miscellaneous  requirements  are  also  applicable  in 
this  speed  range. 


3.  2.  1  EQUILIBRIUM  CHARACTERISTICS 
REQUIREMENT 

3.2.1  Equilibrium  characteristics.  Without  attaining  excessive  attitudes, 
it  shall  be  possible  to  borer  ore r  a  spot  in  steady  winds  of  up  to  35  knots 
from  any  direction  relative  to  the  aircraft  heading,  except  as  limited  by  the 
boundaries  of  the  Service  Flight  Envelope. 

DISCUSSION 

This  requirement  is  self-explanatory.  It  is  an  established  fact  from 
both  flight  and  simulator  experiments  that  pilots  do  not  like  to  hover  with 
excessive  pitch  and  roll  attitudes.  Not  only  does  their  visibility  in  one  or 
more  directions  deteriorate,  but  die  probability  increases  of  having  portions 
of  the  vehicle  strike  the  ground  in  gusty  conditions. 

The  word  “excessive"  is  obviously  not  very  precise.  Even  when 
discussing  this  attitude  problem  with  experienced  test  pilots,  it  is  difficult 
to  determine  with  any  precision  what  attitude  limits  should  be,  since  opinions 
differ  somewhat.  There  are  apparently  several  factors  such  as  the  task, 
die  experience  with  a  particular  airplane,  visibility  characteristics,  etc.  , 
that  combine  to  influence  subjective  opinion. 

Although  pilot  opinion  must  be  relied  upon  in  demonstrating  for  com¬ 
pliance  with  3.  2.  1,  an  attempt  has  been  made  to  quantify  attitude  limits 
under  particular  conditions  in  the  following  two  requirement  paragraphs 
3.2.  1.1  and  3.  2.  1.2. 

Consideration  was  given,  by  the  Air  Force,  to  increasing  the  wind 
speed  in  which  hovering  capability  is  required.  However,  it  was  found  that 
the  probability  of  encountering  winds  greater  than  30—40  knots  did  not  justify 
a  change.  Certainly  winds  higher  than  35  knots  can  be  encountered,  but  it  was 
assumed  that  the  margin  of  the  Service  Flight  Envelope  over  the  Operational 
Flight  Envelope  will  provide  Level  2  hovering  capability  at  speeds  greater 
than  35  knots.  Farther  margins  may  have  to  be  demanded  in  special  cases. 


3.  2.  1.  1 


CHANGING  TRIM 


requirement 

3.  2.  1.  1  Changing  trim.  The  local  slope  of  the  equilibrium  attitude-speed 

relationship  sha71  not  exceed  0.  6  degrees  per  knot  for  speed  perturbations  of 
at  least  10  knots  in  either  direction  about  the  trim  speed.  Thirty-five  knots 
or  the  limits  of  die  Service  Flight  Envelpe,  ±  10  degrees  roll  attitude,  or 
an  attitude  change  of  ±  10  degrees  in  pitch  need  not  be  exceeded.  The  con¬ 
figuration  and  trim  may  be  different  at  each  trim  condition  but  they  must 
remain  fixed  while  determining  the  attitude-speed  variations  about  the  trim 
condition.  The  fuselage  reference  bank  attitudes  must  not  exceed  *  10  degrees 
at  any  trim  speed.  These  requirements  shall  be  satisfied  at  all  forward  trim 
speeds,  backward  trim  speeds,  and  sideward  trim' speeds  both  to  the  left  and 
to  die  right,  up  to  the  limits  of  the  Service  Flight  Envelope  or  35  knots, 
whichever  is  less  in  magnitude. 

DISCUSSION 

The  basic  intent  of  this  requirement  is  to  put  a  limit  on  the  deriv¬ 
atives  Xu  and  Yv  for  aircraft  that  change  pitch  angle  to  translate  and  stems 
from  a  data  base  that  reflects  this  means  of  translational  control.  Whether 

e 

or  not  the  requirement  can  be  extended  in  whole  or  in  part  to  aircraft  which 
use  independent  X-force  and  Y -force  controls  to  develop  translational 

accelerations  is  a  question  that  cannot  be  answered  in  detail  at  this  time. 

\ 

The  requirement  has  been  written  in  terms  of  steady-state  variation 
of  attitude  with  speed  because  this  variation  is  determined  by  XQ  and  Yv  and 
is  measurable.  Experiments  show  that  these  force  derivatives  influence 

low- speed  flying  qualities  in  two  distinct  ways. 

'A 

First,  since  these  derivatives  determine  attitude  variations  with 
speed,  relatively  large  attitude  changes  can  occur  during  translational  maneu¬ 
vering  when  they  have  high  values.  In  the  Reference  34  moving-base  sim¬ 
ulation,  pilots  complained  about  these  attitude  changes.  The  maneuvers  per¬ 
formed  in  this  simulation  included 

(a)  T racing  out  a  square  while  holding  heading  constant. 

This  required  forward,  sideward  and  rearward  flight. 

(b)  Performing  a  crosswind  approach  (10  knot  wind) 
followed  by  a  90  degree  turn  into  the  wind  over  proposed 
touchdown  spot  and  then  hover. 

For  the  vast  majority  of  configurations  having  large  magnitudes  of  Xu  and 
Yv  (-0.  2),  the  pilot  comments  indicated  as  objectionable  the  fact  that  the 
attitude  required  to  compensate  for  the  wind  was  too  steep  and  that  attitude 
changes  required  to  initiate  motion  or  maneuver  were  too  great.  In  the 
Reference  34  experiment,  there  was  no  capability  for  rotating  the  thrust 
vector  relative  to  the  aircraft.  If  this  capability  were  present,  the  pilots 
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coaid  have  used  thrust  rotation  as  an  auxiliary  "want  for  controlling  trim 
attitudes.  However,  this  would  require  additional  control  coordination 
efforts  to  perform  the  saoen vers  with  any  degree  of  precision. 

A  second  way  that  Xt  and  Yv  affect  hover  and  low-speed  flying  qual¬ 
ities  is  through  their  influence  on  the  aircraft's  response  to  gusts.  Since 
these  derivatives  determine  the  magnitude  of  X-  and  Y-forces  applied  by 
gusts  to  die  airframe,  precision  hover  becomes  difficult  when  these  deriv¬ 
atives  take  co  high  values  because  ground  position  perturbations  become 
large.  In  particular,  for  a  vehicle  that  does  not  have  a  direct  force  trans¬ 
lational  control  system,  a  pilot's  attitude  control  task  becomes  complicated 
because  be  has  to  control  position  tl  rough  attitude  while  stabilizing  attitude 
disturbances.  In  the  Reference  34  moving-base  simulation  the  rms  gust 
level  was  3.4  it/sec  and  there  were  not  too  many  complaints  about  gust  effects 
on  jwsitioo  control.  However,  in  the  fixed-base  simulations  of  References 
35  and  36,  the  rms  gust  level  was  5. 1  ft/sec,  and  values  of  Xa  and  Yv  of 
-0. 2  and  greater,  L.  e- ,  more  negative,  were  accompanied  by  definite  com¬ 
plaints  about  the  ability  to  maintain  ground  position. 

Since  the  data  discussed  above  indicated  that  Xn  and  Yv  magnitudes 
greater  than  -0.  2  would  be  troublesome,  paragraph  3- z.  1.  1  essentially 
imposes  a  limit  on  them  an  terms  of  an  attitude-speed  gradient.  An  attitude- 
speed  gradient  of  0.6  degrees  per  knot  is  equivalent  to  X^fYy)  of  -0.2  based 
on  calcnla tions  using  the  simple  equilibrium  X— force  equation 

0  =  xm+  -jO 

As  a  closing  remark  it  is  noted  that  the  title  “Changing  trim"  of 
paragraph  3.  2. 1.  1  was  chosen  to  emphasize  that  in  demonstrating  com¬ 
pliance  with  this  requirement,  the  aircraft  configuration  at  each  selected 
trim  speed  can  be  different.  For  example,  the  pilot  could  adjust  thrust 
vector  angle  so  that  die  trim  attitude  is  zero  at  every  trim  speed  about 
which  die  local  slope  of  the  equilibrium  attitude-speed  relationship  is  to  be 
determined.  This  is  in  contrafi  sti  ncti  on  with  the  following  requirement 
(3.2.  1.2)  which  applies  to  only  one  configuration. 


3.  2.1.2 


FIXED  TRIM 


requirement 

3.2.  1.2  Fixed  trim-  For  aircraft  required  to  perform  rapid  hovering 
turns  in  winds  up  to  35  knots  or  as  otherwise  specified  by  the  procuring 
activity,  the  local  slope  of  the  equilibrium  attitude-speed  relationship  shall 
not  exceed  0.  6  degrees  per  knot.  The  total  fuselage  reference  pitch  attitude 
change  shall  not  exceed  20  degrees,  and  the  bank  attitude  shall  not  exceed 
*  10  degrees.  These  requirements  apply  at  all  steady  forward  speeds, 
backward  speeds,  sideward  speeds  both  to  the  left  and  to  the  right,  up  to  the 
limits  of  the  Service  Flight  Envelope  or  35  knots,  whichever  is  less  in  mag¬ 
nitude,  with  configuration  and  trim  fixed. 


DISCUSSION 

The  basic  intent  of  this  requirement  is  similar  to  that  of  paragraph 
3.  2. 1.  1,  namely,  to  place  limits  on  the  values  of  Xu  and  Yv.  However, 
there  are  important  differences  between  these  two  requirements. 

Paragraph  3.2.  1.2  is  intended  to  apply  to  those  aircraft  whose  low 
speed  operational  maneuvering  tactics  include  turning  rapidly  while  hovering 
in  winds.  Since  the  performance  of  such  tactics  may  be  dictated  to  a  large 
extent  by  external  factors  which  a  pilot  cannot  foresee,  his  full  time  attention 
will  probably  be  devoted  to  the  changing  conditions  around  him.  However,  if 
the  flight  task  workload  is  too  high,  he  may  noC  jc  able  to  assess  these 
changing  conditions  to  his  advantage.  It  seemed  desirable,  therefore,  to 
include  a  requirement  aimed  at  minimizing  the  need  for  complex  cockpit 
control  trimming  techniques  that  might  otherwise  interfere  with  mission 
effectiveness.  Thus  paragraph  3.2. 1.2  recognizes  die  advantages  of  reducing 
workload  for  certain  hinds  of  operational  situations  and  contributes  in  this 
direction  by  stating  that  die  configuration  and  trim  must  remain  fixed  while 
demonstrating  compliance.  Pa xa graph  3.2.1.  1,  on  the  other  hand,  is 
directed  to  those  types  of  operational  activities  where  rapid  low  speed  maneu¬ 
vering  is  not  as  vital.  In  these  latter  cases,  a  pilot  may  have  more  leeway 
in  heading  as  well  as  more  time  to  use  available  thrust  vectoring  capability 
to  compensate  for  the  pitch  and  roll  attitude  changes  that  would  be  caused  by 
steady  winds. 


Note  that  for  pitch,  paragraph  3.  2.  1.  2  places  limits  on  the  change  in 
pitch  attitute,  i.  e.  ,  the  difference  between  the  largest  pitch  attitude  and  the 
smallest  pitch  attitude,  which  occurs  within  the  speed  range:  stated  in  the 
requirement  paragraph,  cannot  exceed  20*.  For  roll,  however,  this  para¬ 
graph  places  limits  on  the  absolute  bank  angle. 

These  limits  are  based  on  discussions  with  Air  Force  and  Army 
pilots  having  experience  in  evaluating  both  helicopters  and  Y'TOL  aircraft 
such  as  the  P.  1127  and  X-22A.  Some  documented  information  relevant  to 
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the  problem  of  attitude  excursions  'appears  in  Reference  37  which  reports 
flight  test  results  for  the  X-22A. 

High  pitch  and  roll  attitudes  encountered  during  constant  duct  angle 
translations  are  cited  as  contributing  to  the  difficulty  of  holding  the  required 
trim  attitudes.  Specifically,  bank  angles  of  about  10  degrees  are  described 
as  "excessively  large.  "  In  addition,  as  experience  was  gained  in  the  air¬ 
craft,  the  pilots  came  to  prefer  using  duct  rotation  for  longitudinal  transla¬ 
tions,  probably  doe  to  the  more  moderate  pitch  excursions  required  in  this 
mode  of  control. 

Rearward  translations  at  constant  duct  angle  were  considered  dif¬ 
ficult  because  of  the  high  nose-up  fuselage  attitudes  required.  Contributing 
to  this  difficulty  were  the  lack  of  a  rearward  field  of  view  and  the  loss  of 
attitude  cues  looking  forward. 

With  respect  to  diagonal  translations  at  fixed  duct  angle,  pilot  com¬ 
ment  indicates  that  the  large  pitch  and  roll  attitudes  required  for  10  to  15 
knot  speed  perturbations  made  this  a  difficult  task.  This  difficulty  may  be 
attributable  to  cockpit  visibility,  since  the  pilot's  field  of  view  was  partially 
obscured  by  the  top  of  the  cockpit  and  the  instrumentation  control  switch 
panel. 
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3.2.  1.3 


COCKPIT  CONTROL  GRADIENTS 


REQUIREMENT 

3.  2.  1.  3  Cockpit  control  gradients.  The  following  requirements  shall  be 
satisfied  at  all  forward  trim  speeds,  backward  trim  speeds*  and  sideward 
trim  speeds  both  to  the  left  and  to  the  right*  op  to  the  limits  of  the  Service 
Flight  Envelope  or  35  knots,  whichever  is  less  in  magnitude.  This  require¬ 
ment  shall  apply  for  speed  perturbations  of  at  least  10  knots  in  both  direc¬ 
tions  about  the  trim  speed  except  that  the  aircraft  need  not  exceed  35  knots  or 
the  limits  of  the  Service  Flight  Envelope.  The  configuration  and  trim  may  be 
different  at  each  trim  condition*  but  they  must  remain  fixed  while  deter¬ 
mining  die  control  gradients. 

Level  2:  The  variations  of  cockpit  control  force  and  control  position 

with  airspeed  shall  be  smooth  and  the  local  gradients  stable 
or  aero  for  both  the  pitch  and  roll  cockpit  controls.  The  gra¬ 
dients  shall  be  essentially  linear  with  no  objectionable  changes 
in  the  slope  of  force  or  position  with  speed. 

Level  i  For  those  Flight  Phases  of  the  operational  missions  of  3.  1.  1 
for  which  IFR  operati  on  is  required,  the  Level  2  requirement 
is  the  same  as  for  Level  1.  In  all  other  cases,  the  Le- i  2 
requirement  is  the  same  as  Level  3. 

Level  3c  The  Level  1  requirements  shall  apply  for  the  local  control 
force  gradients.  The  local  pitch  and  roll  control  position 
gradients  may  be  unstable,  provided  the  change  in  cockpit 
control  position,  does  not  exceed  one-half  inch  in  the  unstable 
direction  over  the  speed  range  specified. 

Stable  pitch  control  gradients  mean  that  incremental  pull  forces  and  aft  dis¬ 
placement  of  the  cockpit  control  are  required  to  maintain  slower  or  more 
rearward  airspeeds  add  die  opposite  to  maintain  faster  or  more  forward 
airspeeds. 

Stable  roll  control  gradients  mean  that  incremental  right  force  and  right  dis¬ 
placement  of  the  cockpit  control  are  required  to  maintain  right  translations 
or  right  sideslips  and  the  opposite  to  maintain  left  translations  or  left 
sideslips. 

The  term  gradient  does  not  include  that  portion  of  the  control  force  or  con¬ 
trol  position  v»-sus  airspeed  curve  within  the  preleaded  breakout  force  or 
friction  band. 


DISCUSSION 
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In  an  informal  sense,  this  requirement  is  intended  to  prevent 
"unnatural11  control  feel  characteristics  when  performing  speed  changing 
maneuvers  at  low  speed  flight  conditions-  An  acceptable  definition  of 
"natural*  or  "unnatural”  control  feel  would  probably  be  difficult  to  obtain. 
However,  the  major  problem  is  not  definitions  but  a  lack  of  experimental 
data  based  on  experiments  specifically  designed  to  study  how  various  ranges 
of  force  and  position  gradients  with  airspeed  influence  pilot  opinion-  Such 
experiment!-,  would  probably  be  quite  complicated  to  carry  out  because  of  the 
many  factors  involved.  For  one,  if  a  ground  simulator  were  used,  it  would 
need  a  complex  control  system.  A  simple  spring  loaded  stick  would  limit 
an  investigation  because  combinations  of  unstable  force  gradient  and  stable 
position  gradient  (and  vice  versa)  could  not  be  evaluated.  Also,  even  if 
complex  simulator  control  system  hardware  were  available  it  would  be  very 
important  to  consider  the  task  assigned  to  the  pilot  along  with  other  detailed 
instructions .  For  example, the  results  could  depend  on  whether  or  not  he  was 
allowed  to  use  the  trim  system.  All  this  is  particularly  important  for 
requirements  because  it  may  turn  out  that  a  system  has  undesirable  character¬ 
istics  if  used  in  one  way  bat  be  perfectly  acceptable  if  used  in  another  way. 

There  are  various  opinions  regarding  the  relative  importance,  as 
handling  qualities  parameters,  of  force  gradients  with  speed  and  position 
gradients  with  speed.  In  many  instances  such  opinions  seem,  no  doubt,  to 
be  based  on  experiences  with  vehicles  whose  control  systems  and  dynamics 
are  a  bit  more  complex  than  the  representations  used  in  nr  any  flying  qualities 
simulation  and  analyses  programs.  Thus  a  knowledge  of  many  details  is 
needed  before  the  experience  being  voiced  by  these  opinions  can  be  molded 
into  a  quantitative  requirement  that  is  a  significant  improvement  over 
paragraph  3.  2. 1 .  3.  Unfortunately,  the  needed  details  are  hard  to  obtain. 

As  an  illustration  of  die  need  to  consider  the  details  when  drawing 
conclusions  regarding  die  influence  of  control  force  and  position  gradients 
with  speed,  we  present  the  following  relatively  straightforward  example. 


Assume  that  the  vehicle  is  described  by  the  following  equations 
u  -  IjBr 

f 

transfer  fun 
cs 


***  *  v  ' 


The  transfer  function  is  given  by 

afs)  Mc_ 


AC*) 


where  Aft)  is  the  characteristic  cubic.  The  form  of  A  ft  depends  on  whether 
the  roots  are  real  or  complex.  Since  fl's)  is  a  cubic  there  are  two 
possibilities  : 

($+  Z^T)  (S‘  *  l^Scom  s 


&(  S) 
ACS) 
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Thus  the  steady -state  values  of  the  transfer  function  are 


-T-)  = 

•  ■»  9 


that 


the  vehicle  has  one  real  root  and  if  is  positive,  we  see 

is  an  indicator  of  the  sign  of  the  real  root.  Thus  the  speed  vs 


position  gradient  is  a  measure  of  divergent  tendencies.  Requiring  that  it»i< 
gradient  be  positive  (stable)  guarantees  the  absence  of  a  divergence  in  *t»i< 
case. 


Now  suppose  that  the  vehicle  has  three  real  roots,  only  two  of  which  are 

unstable  (positive).  The  sign  of  in  this  case  is  the  same  as  if  all  the 

Tes*  s> 

roots  were  stable.  Mathematically  it  would  follow  that  the  speed— position 
gradient  is  not  necessarily  a  measure  of  divergent  tendencies.  However,  \ 
drawing  such  a  conclusion  with  regard  to  the  significance  of  the  speed-  \ 

position  gradient  is  based  on  a  hey  assumption  —  namely  that  the  vehicle 
three  real  roots.  Now  this  assumption  follows  from  die  fundamental  theorem 
°f  algebra  which  states  that  a  third  degree  polynomial  has  at  most  3  roots 
and  that  complex  roots  occur  in  pairs.  But  the  fundamental  theorem  of 
algebra  is  based  on  assumption  also.  The  one  we  wish  to  point  out  is  riot 
this  theorem  assumes  that  the  coefficients  of  a  polynomial  can  take  on  any 
values  independently  of  one  another.  A  look  at  the  characteristic  equation 

Vs'  *”  "Vs  *m*  =  0 

shows  that  the  coefficients  s*  and  s  are  dependent  on  one  another.  This 
dependency  along  with  realistically  possible  values  of  the  derivatives  may,  in 
fact,  make  die  existence  of  two  real  roots  a  highly  unlikely  situation.  If  thi«t 
is  true,  then  it  is  misleading  to  state  that  the  speed-control  position  gradient 
is  not  necessarily  a  measure  of  divergent  tendencies. 

The  point  of  the  above  discussion  is  that  a  simplified  general  analysis 
can  result  in  conclusions  that  are  not  very  fruitful  with  regard  to  improving 
our  understanding  of  the  nature  of  control  force  and  position  gradients  with 
speed  as  flying  qualities  parameters. 

Since  there  are  so  very  little  data  and  analyses  available  in  the 
literature,  the  requirements  of  3.2. 1.  3  have  been  based  on  review  comments 
received  on  earlier  versions  of  the  proposed  specification.  The  gist  of 
these  review  comments  is  that  some  instability  should  be  allowed  since  most 
VTOL's  will  have  unstable  control  gradients  somewhere  in  the  15-70  knot 
speed  range  (assuming  simple  control  systems).  There  has  been  some  expe¬ 
rience  gained  with  the  use  of  series  actuators  (i.e.,  actuators  which  "move 
the  cockpit  control  one  way  while  the  actual  control  surface  moves  in  the 
opposite  sense)  to  eliminate  or  minimize  the  control  gradient  instabilities, 
but  apparently  such  control  systems  also  create  some  undesirable  problems. 
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3.  2.  2  DYNAMIC  RESPONSE  REQUIREMENTS 

3.  2.  2.  1  PITCH  [ROLL] 

REQUIREMENT 

3.  2.  2.  1  Fitch  Troll!  .  The  following  requirement*  shall  apply  to  the 
dynamic  responses  of  the  aircraft  with  the  cockpit  controls  free  and  with 
them  fixed  following. an  external  disturbance  or  an  abrupt  pitch  [roll]  control 
input  in  either  direction.  The  requirements  apply  for  responses  of  any  mag¬ 
nitude  that  might  be  experienced  in  operational  use.  If  oscillations  are  non¬ 
linear  with  amplitude,  the  oscillatory  requirements  shall  apply  to  each  cycle 
of  the  oscillation. 

Level  1:  All  aperiodic  responses  (real  roots  of  the  longitudinal  charac¬ 

teristic  equation  and  the  lateral-directional  characteristic 
equation)  shall  be  stable.  Oscillatory  modes  of  frequency 
greater  than  0.  5  radians  per  second  shall  be  stable.  Oscillatory 
modes  with  frequency  less  than  or  equal  to  0.  5  radians  per 
second  may  be  unstable  provided  the  damping  ratio  is  less 
unstable  than  -.  10.  Oscillatory  mnA**.  of  frequency  greater 
than  1.  1  radians  per  second  shall  have  a  damping  ratio  of  at 
least  0.  3. 

Level  2:  For  those  Flight  Phases  of  the  operational  missions  of  3.  1.  1 

for  which  IFR  operation  is  required,  the  Level  2  requirement 
is  the  same  as  for  Level  1.  In  all  other  cases,  for  Level  2, 
divergent  modes  of  aperiodic  response  shall  not  double 
amplitude  in  less  than  12  seconds.  Oscillatory  modes  may  be 
unstable  provided  their  frequency  is  less  than  or  equal  to 
0.84  radians  per  second  and  their  time  to  double  amplitude 
is  greater  than  12  seconds.  Oscillatory  modes  of  frequency 
greater  than  0.  84  radians  per  second  shall  be  stable. 

Level  3:  Divergent  modes  of  aperiodic  response  shall  not  double 

amplitude  In  less  than  5  seconds.  Oscillatory  modes  may  be 
unstable  provided  their  frequency  is  less  than  or  equal  to 
1.  25  radians  per  second  and  their  time  to  double  amplitude  is 
greater  than  5  seconds.  Oscillatory  modes  of  frequency 
greater  than  1.  25  radians  per  second  shall  be  stable. 

DISCUSSION 

A  major  problem  faced  daring  the  coarse  of  developing  this  require¬ 
ment  has  been  that  of  achieving  an  acceptable  compromise.  Much  work  and 
effort  have  gone  into  acquiring  and  analyzing  experimental  data.  Hence, 
there  is  a  reasonable  amount  of  confidence  in  the  conclusions  that  have  been 
drawn  regarding  what  should  be  explicit  in  the  requirement.  At  the  same 
time,  however,  there  has  been  a  great  deal  of  exchange  of  ideas  during 
Government  and  industry  review  cycles  regarding  the  practical  or  utilitarian 
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aspects  which  should  be  taken  into  account.  Most  of  these  aspects  are  qualita¬ 
tive  in  nature  and  therefore  present  conflicts  of  various  sorts  with  the  philos¬ 
ophy  that  flying  qualities  requirements  should  strive  to  be  quantitative  and 
rest  on  an  appropriate  experimental  and  analytical  foundation.  Nevertheless, 
the  motivation  for  concern  for  these  aspects  stems  from  solid  past  experi¬ 
ence  and  cannot  be  ignored.  Initial  versions  of  a  dynamic  requirement 
reflected  the  attempt  to  formulate  a  quantitative  requirement  that  was  a 
distillation  of  the  maximal  amount  of  information  that  could  be  extracted 
from  experimental  and  analytical  findings.  This  final  version  of  the  require¬ 
ment  reflects  a  compromise  with  utilitarian  considerations. 


Data  Base 


The  dynamic  requirements  are  based  to  a  large  extent  on  data  that 
were  obtained  from  fixed-base  and  moving-base  simulations  (References  34, 
35,  and  36).  The  general  objective  of  these  experiments  was  to  obtain  the 
additional  data  needed  to  extend  our  knowledge  of  flying  qualities  for  a  broader 
set  of  vehicle  dynamics  than  had  heretofore  been  reported  in  the  literature. 
More  specifically,  these  experiments  included  the  effects  of  XA 
and  f  .  Some  early  experiments  did  not  treat  these  derivatives.  Those 
few  that  did  study  diem  indicated  die  need  for  broader  investigations. 

Among  some  of  die  early  relevant  data  which  can  be  cited  are 
References  38  and  39.  The  Reference  38  results  showed  that,  with  an  opti¬ 
mum  control  sensitivity,  the  pilot  could  give  satisfactory  Cooper  ratings 
even  with  zero  damping  in  a  single-degree -of -freedom  situation.  However  , 
if  the  pilot  were  also  given  an  additional  degree  of  freedom,  in  this  case  yaw, 
satisfactory  ratings  could  not  be  obtained  with  pitch  damping  (-  greater 
than  about  -0.5.  The  X-14  flight  tests  reported  in  Reference  39  give  results 
that  agreed  more  closely  with  the  Reference  38  single-degree-of-freedom 
results  than  with  the  two-degree-of-freedom  results.  Figure  1(3.  2.  2.  1) 
compares  the  significant  longitudinal  results  of  these  two  references. 

An  important  thing  to  mention  here  is  that  the  representation  of  the 
vehicle  dynamics  in  Reference  38  was  that  of  a  simple  first-order  rate  sys¬ 
tem  defined  completely  by  die  value  of  a  damping  derivative.  Likewise  in 
Reference  39,  the  dynamics  of  the  actual  vehicle  were  assumed  to  be  ade¬ 
quately  described  as  being  a  first-order  system. 

The  importance  of  die  speed  stability  derivative,  ,  on  hovering 

and  low-speed  flying  qualities  was  best  brought  to  attention  by  the  Princeton 
flight  tests  (Reference  40).  Speed  stability  can  create  unstable  oscillatory 
modes  and  determines  gust  response  characteristics.  The  Reference  40 
study  pointed  out  that,  depending  on  the  magnitude  of  Mm  and  the  level  of 
turbulence,  the  pitch  damping  requiz  ed  for  satisfactory  flying  qualities  was 
roach  higher  than  that  indicated  by  previous  experiments  which  did  not 
account  for  these  factors. 
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10  Reference  41,  MiUer  and  Clark  of  the  United  Aircraft  Research 
Laboratories  (UARL)  presented  results  of  further  simulator  studies  on  low- 
and  contro1*  Under  the  VIFCS  program.  CAL.  subcontracted 
with  UARL  to  extend  this  work.  References  35  and  36  contain  the  results  of 
the  UARL  effort  under  the  CAL  subcontract. 


The  diversity  of  dynamic  characteristics  evaluated  by  UARL  is 
indicated  by  the  following  range  of  parameters  which  were  varied. 


Longitudinal 


-  0 

to 

2.0 

-  o 

to 
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to 
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to 
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Control  sensitivities  were  selected  by  the  pilot  for  each  configuration.  This 
tended  to  minimize  die  influence  of  sensitivity  on  the  evaluation  of  the  dy¬ 
namic  characteristics. 


The  experiments  reported  in  References  35  and  36  were  performed 
on  a  fixed-base  simulator.  In  order  to  obtain  an  expanded  data  base,  CAL 
subcontracted  with  Norair  to  perform  moving-base  simulations  (Reference 
34).  This  study  also  covered  a  wide  range  of  dynamics  and  more  pilots  were 
used.  The  pilots  were  allowed  to  select  control  sensitivities  in  this  program 
also.  In  summary,  die  experiments  reported  in  References  34,  35,  and  36 
provided  a  large  amount  of  the. data  that  were  used  to  formulate  the  hover  and 
low-speed  dynamic  requirements. 


Basic  Equations 


The  details  involved  in  analyzing  experimental  data  depend  to  a 
large  extent  on  the  mathematical  model  used  to  describe  the  vehicle.  In 
what  follows,  a  set  of  longitudinal  equations  for  hovering  is  derived.  These 
equations  are  indicative  of  the  mathematical  model  that  is  currently  prevalent 
in  the  VTOL  flying  qualities  literature.  The  derivation  is  brief  and  intended 
primarily  to  emphasize  that  the  final  set  of  equations  involves  assumptions  of 
sorts  in  their  development  and  application.  An  in-depth  review  of  these 
assumptions  is  not  undertaken. 
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The  form  of  the  retailing  longitudinal  equations  for  hover  has  the 
same  form  as  the  corresponding  lateral-directional  equations.  Because  of 
this  similarity,  the  following  discussion  is  applicable  to  the  lateral- 
directional  case,  with  the  following  changes  in  symbols: 


U-  — -  V 

e—4 

V 

4r 

z*-~**t 

Z^Nr 

V»  45 

'4 

«  '45 

A  general  set  of  equations  of  motion  linearized  about  some  fixed 
operating  point  can  be  written  in  vector-matrix  form  as  follows: 


where 


V  «  [A]  tr  +  A 

A  =  W  *+  M 


(1) 

(2) 


tr  =  vector  whose  components  are  airframe  motion  variables 

M  =  matrix  whose  elements  are  stability  derivatives  (and  g) 

A  =  vector  whose  components  are  forces  and  moments  applied  to 
airframe  by  the  control  system 

M  =  matrix  whose  elements  are  control  derivatives 

&  =  vector  whose  components  are  cockpit  control  deflections 

[if]  =  matrix  whose  elements  are  feedback  gains  (in  the  appropriate 
units)  of  a  stability  augmentation  system. 


Substituting  (2)  into  (1),  we  obtain 

tr  -  |a]  ir  +  [b]  f  /  [(*]  tr 

tA  =  [a  *c]  tr+  [sj 

Equation  (3)  shows  that  the  elements  of  matrix  [cj  are  incremental  stability 
derivatives  created  by  the  stability  augmentation  system.  In  the  current 
flying  qualities  literature  the  "natural”  and  "artificial*  derivatives  are  not 
usually  explicitly  identified  by  using  separate  symbolism.  That  is,  file 
elements  of  matrix  f A+C]  are  the  "effective"  stability  derivatives  for  the 
vehicle.  The  same  procedure  will  be  followed  here  and  matrix  [a+C]  will  be 
replaced  by  matrix  j_A*|  so  that  Equation  (3)  becomes 

tr  *  [A*]  v  +  [f]  3  (4) 
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in  an  expanded  form  applicable  to  hover.  Equation  (4)  becomes 
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(5) 


The  jT  equation  is  commonly  used  in  single-degree-of -freedom  height  control 
studies.  To  make  the  adequation  independent  of  the  others,  it  is  necessary 
to  assume  that  die  stability  derivative  matrix  has  ,  and  equal  to 

zero.  By  assuming  further  that  and  ^  equal  zero  in  hover,  the  *r 

equation  becomes  a  simple  uncoupled  first-order  equation  with  a  single  input. 
The  above  equations  can  now  be  written: 


(6) 


The  s  and  £  equations  are  still  aerodynamically  coupled  to  the  ur  equation 
through  the  derivatives  and  A^..  These  derivatives  must  be  assumed 
zero  to  remove  this  coupling.  The  a-  and  £  equations  are  also  "control- 
coupled"  to  the  ad  equation  through  and  .  Thus,  assuming 

and  equal  to  zero  removes  this  control  coupling. 
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Equation  (6)  can  now  be  written  as  two  independent  sets: 

if  = 
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(7) 


Eliminating  the  uT equation  from  further  consideration,  assuming  that  ^  =  0 
and  X0  =  -g,  and  also  that  the  cockpit  control  for  thrust  vectoring  (  )  is 

not  used,  we  -are  left  with  the  following  equations: 


* 


*  * 


liquations  (5)  are  considered  to  be  the  basic  mathematical  model  of  hovering 
and  low  speed  VTOL,  dynamics  in  the  discussion  which  follows. 

The  characteristic  equation  of  the  above  set  of  equations  is: 


s*-(x4(+Aff)sz+ =0  (9) 

In  order  to  distinguish  between  some  important  stability  features  of  vehicles 
whose  augmentation  systems  provide  various  combinations  of  rate  and 
attitude  feedback,  some  root  loci  of  die  characteristic  equation  will  be  pre¬ 
sented. 


Root  loci  for  rate  systems  (  Ms  ~  0) 

r 

First  consider  that  equals  zero.  The  characteristic  equation  be¬ 
comes: 


s5-  (xm  rAff)sz  +  X*Mfs  *  M*  g  =  0 


(10) 


To  show  the  influence  of  on  the  root,  the  equation  can  be  written: 


-f  * 


s  (s-x^yCs-Mf) 


(id 


Figure  2(3.  2.2.  1)  is  a  sketch  of  the  root  loci  as  varies.  Figure 
f2a(3.  2-  2.  1)  shows  that,  as  becomes  more  positive,  an  unstable  oscilla¬ 
tory  pair  develops.  Figure  2b(3.2. 2.  1)  shows  that,  as  becomes  more 

negative,  an  unstable  aperiodic  mode  develops. 

The  last  form  of  the  characteristic  equation  (Equation  11)  is  also 
useful  in  showing  where,  in  the  s-plane,  oscillatory  roots  are  likely  to  occur 
for  a  range  of  derivatives  representative  of  that  appearing  in  the  flying  qual¬ 
ities  literature.  Figure  3(3.  2.  2.  1)  shows  the  loci  for  two  pairs  of 

and  and  identifies  such  a  region  for  the  majority  of  rate  damped  config¬ 
urations  considered  during  the  data  analysis. 


To  obtain  the  effects  of  on  the  roots,  the  characteristic  equation 
can  be  written 

*»-X,  u2> 

Figure  4(3.  2.2. 1)  shows  die  two  possible  forms  of  the  loci.  In  Figure 
4(a) (3.  2. 2.  1),  the  cubic  sJ  -  Xu  s2  +  has  a  pair  of  complex  conjugate 

roots,  while  in  Figure  4(b) (3.  2.2.  1)  the  roots  are  all  real.  As  can  be  seen, 
making  A.  more  negative  tends  to  stabilize  both  oscillatory  and  aperiodic 
modes.  Since  and  XM  are  symmetrical  in  die  characteristic  equation,  an 
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Table  1(3.  2.2.  1)  summarizes  the  previous  discussion  on  rate  systems. 


Root  loci  for  combined  rate  and  attitude  feedback 


When  M0  is  present*  its  influence  on  the  roots  can  be  studied  by 
using  the  following  form  of  the  characteristic  equation: 


fl 


/  = 


M*  (s-XM) 


s5- (Xm  +Mjsz+Xa M^s*  M0g 


(13)  L 


There  are  two  forms  of  the  M0  locus  as  shown  in  Figure  5(3.  2. 2.  1)?  ? 
The  one  that  comes  about  in  a  particular  numerical  calculation  depends  on 
the  relative  positions  of  the  poles  and  zero.  In  both  cases  shown*  the 
dominant  feature  is  the  development  of  a  high  -frequency  oscillatory  mode 
that  is  more  stable  than  the  original  oscillatory  mode  with  Af0  =  0.  The  real 
root  moves  towards  the  right  on  the  real  axis.  The  form  of  the  character-  ; 
istic  equation  allows  us  to  interpret  the  behavior  of  the  A t0  locus  as  being  / 
such  that  the  total  system  damping  remains  constant.  That  is,  At0  does  nor 
appear  in  the  coefficient  of  s*,  and  hence  cannot  influence  the  sum  of  the 
real  parts  of  the  roots.  Thus*  when  the  damping  factor*  jTa],  .  of  the 
oscillatory  mode  increases,  the  damping  factor  of  the  aperiodic  mode,  // 2", 
must  decrease.  A  similar  interpretation  holds  if  ail  the  roots  are  real. 


The  influence  of  M0  when  M0  is  present  is  similar  to  that  when  M0  -is 
absent.  For  example.  Figure  6(3.  2. 2.  1)  is  similar  to  Figure  4(aK3.2.2.  1). 
Although  not  shown,  there  is  also  an  ML  locus  similar  to  Figure  4{b){3.  2.2.  1), 
but  with  M0  /  0. 


The  combined  effects  of  M0  and 
following  equation: 


can  be  determined  from  the 


SS-  Xm  *Z-rMmg 


(14) 


If  the  ratio  of  M0  to  14*  remains  constant  as  ^  varies,  there  are 
two  possible  loci  as  shown  in  Figure  7(3.  2.  2.  1).  The  lower  figure  indicates 
that  the  situation  is  very  similar  to  that  of  the  ^  locus  for  rate  systems. 
The  upper  figure  shows  that  the  oscillatory  mode  becomes  very  stable  while 
the  aperiodic  mode  moves  toward  the  origin. 

Table  2(3.  2.  2.  1)  summarizes  the  above  discussion. 
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Root  locus  characteristics  were  guiding  factors  in  analyzing  data  to 
formulate  dynamic  requirements.  A  particularly  important  feature  of  the 
loci  is  that  which  is  seen  by  comparing  the  way  the  real  root  moves. 

When  ftp  augmentation  produces  a  high  frequency  oscillation,  the 
real  root  moves  toward  the  zero  near  the  origin  and  takes  on  relatively 
small  values.  On  the  other  hand.  augmentation  which  tends  to  reduce 
oscillatory  mode  frequencies  and  increase  foe  damping  ratio,  drives  foe 
real  root  away  from  foe  origin  to  relatively  large  values. 

If  SAS  systems  could  provide  independent  control  over  all  foe  forces 
and  moments  that  can  be  applied  to  a  vehicle,  then  a  proper  selection  of 
feedback  control  loops  would  allow  for  root  locations  of  practically  unlimited 
geometric  configurations.  However,  since  present  systems  are  basically 
moment  augmentors,  foe  relative  locations  of  real  and  oscillatory  roots  are 
not  totally  independent  of  each  other.  With  such  constraints  it  becomes 
important  to  determine  how.  real  and  oscillatory  roots  influence  foe  flying 
qualities  characteristics  experienced  by  the  pilots.  In  general,  this  is  not 
an  easy  question  to  answer'  especially  within  foe  context  of  writing  specifica¬ 
tions. 

Pilot  rating  correlations  using  foe  available  data  did  not  result  in 
precise  partitioning  of  desired  values  of  frequency-  damping  ratio,  and  time 
constants.  Hence  in  formulating  foe  initial  version  of  dynamic  requirements, 
consideration  was  given  to  both  foe  pilot  rating  data  and  the  results  of  closed- 
loop  pilot  model  analyses.  The  results  of  these  pilot-  model  analyses 
(References  42  and  43)  indicated  that  configurations  having  satisfactory  dy¬ 
namics  fell  into  foe  two  general  classifications  that  came  to  be  called  rate 
systems  and  attitdde  systems. 


I 

The  first  version  of  foe  requirements  is  outlined  in  Table  3(3.  2.  2.  1). 
Note  that  these  requirements  allowed  a  vehicle  to  meet  one  or  foe  other  of 
two  requirements  depending  on  whether  or  not  foe  vehicle  Had  a  stability 
augmentation  system  that  was  classified  as  a  rate  system  or  an  attitude 
system.  The  use  of  this  classification  scheme  seemed  to  provide  a  simple 
way  to  make  specific  statements  about  desired  combinations  of  real  and 
oscillatory  mode  parameters  while  at  foe  same  time  remaining  consistent 
with  stability  features  indicated  by  root  locus  studies. 

Review  comments  on  the  first  version  of  dynamic  requirements  made 
it  clear  that  foe  “rate  system"  and  "attitude  system”  classification  had  some 
practical  deficiencies  which  basically  were  the  result  of  relying  on  the 
hovering  cubic  characteristic  equation  to  be  =»  reasonably  faithful  indicator 
of  foe  kind  of  stability  characteristics  that  might  be  encountered  on  real  air¬ 
planes. 


As  mentioned  earlier,  this  cubic  equation  is  based  on  an  assumed 
mathematical  model  of  low  speed  dynamics  that  consider  the  vertical  mo¬ 
tions  to  be  uncoupled  from  the  pitching  and  horizontal  translational  motions. 
This  model  is  certainly  valuable  in  analyzing  the  results  of  simulator  expe¬ 
riments  when  the  simulated  configurations  themselves  are  known  to  be 
described  by  essentially  identical  equations. 

However,  a  specification  must  contend  with  numerous  realistic 
possibilities  that  are  not  always  adequately  accounted  for  in  Lasic  mathe¬ 
matical  models. 

For  example,  the  hovering  cubic  does  not  account  for  the  situation 
where  two  pairs  of  oscillatory  modes  exist.  Such  an  accounting  can  only 
occur  by  re -exam  ling  the  assumption  of  an  uncoupled  height  control  mode. 
One  of  file  industry  review  comments  indicated  that  these  assumptions  were 
nor  necessarily  valid  and  that  it  was  realistic  to  expect  two  pairs  of  oscil¬ 
latory  roots. 

The  first  version  of  dynamic  requirements  was  not  clear  as  to  what 
happens  when  one  oscillatory  pair  satisfied  fi.e  attitude  system  boundary  and 
the  other  oscillatory  pair  did  not. 

Another  practical  problem  resulting  from  the  use  of  the  rate  system 
and  a.xi tude  system  classification  scheme  in  the  specification  stems  from 
the  fact  that  actual  stability  augmentation  schemes  may  introduce  additional 
dynamic  modes  so  that  the  overall  aircraft  becomes  a  dynamic  system  with 
perhaps  five  or  six  characteristic  roots  rather  than  three  or  four.  In  such 
a  case  the  classification  scheme  could  easily  lead  to  confusion  in  interpreting 
how  the  requirement  should  be  applied. 

The  basic  objective,  then,  in  subsequent  efforts  aimed  at  revising 
file  first  set  of  dynamic  requirements  was  to  write  a  requirement  paragraph 
that  was  less  prone  to  ambiguities  which  could  arise  in  practice  but  at  the 
same  time  could  still  deal  effectively  with  the  combined  influence  of  aperiodic 
and  oscillatory  modes  on  flying  qualities.  The  concept  of  response  matching 
was  considered  as  a  possible  means  of  achieving  the  objec£ve. 


The  idea  of  second-order  response  matching  emerge*:  from  com¬ 
paring  the  attitude  time  histories  of  configurations  in  both  the  rate-  and 
attitude-  system  categories.. 


The  attitude  responses  for  these  two  classifications  of  vehicle  dy¬ 
namics  are  sketched  in  Figure  8(3.2.  2.  1).  Also  given  there  is  the  general 
form  of  the  equation  for  9{t}  which  results  from  obtaining  the  inverse  trans- 
*  form  of  the  following  transfer  function  for  a  step  elevator  input. 
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In  an  informal  sense,  we  can  generally  say  that  the  short-term  or  transient 
response  of  the  rate  system  is  a  strong  function  of  the  real  root  value  while 
that  of  the  attitude  system  is  a  weak  function  of  the  real  root  value.  To 
expand  on  this  comment  we  will  briefly  consider  two  limiting  cases. 

limiting  case  of  a  rate  system  -  Suppose  and  Mg  are  both  zero  in  the 
simplified  equations  of  nsotionT*  Then  the  attitude  transfer  function  will  be 
of  the  form 

where  //^  =  -  M*  .  The  pole-zero  pattern  for  this  transfer  function  is 
sketched  below  along  with  the  corresponding  time  history,  0(i)  for  a  step 
input. 

-eM  I  / 
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It  is  evident  that  the  character  of  the  response  depends  very  mwh  on  the 
real  root  (  t /Tsr  )  whose  location  depends  on  the  amount  of  damping. 

Limiting  case  of  an  attitude  system  -  Suppose  the  derivative  M0  is  very 
large.  Then  the  attitude  transfer  function  can  be  approximated  quite 
accurately  by 

+ */)  (s*+  z*r  *+«>/) 

The  pole-zero  pattern  and  time  history  for  a  step  input  are  sketched  below. 


In  between  these  limiting  cases  are  the  intermediate  situations  where 
a  good  approximate  transfer  function  cannot  always  be  obtained  by  assuming 
pole-zero  cancellation*  That  is,  the  actual  transfer  function  must  be  used 
to  determine  the  0  response  accurately.  However,  depending  on  the  values 
of  the  various  coefficients  (//^»  f/7***  »  and  ),  we  can  still  have  a 
response  whose  basic  characteristics,  during  an  appropriately  selected  time 
interval,  are  either  of  the  rate-system  type  or  of  the  attitude-system  type. 

The  above  considerations  suggested  the  idea  that  the  step  input  re¬ 
sponses  for  both  rate  and  attitude  systems,  are,  "for  all  practical  purposes", 
similar  to  second-order  systems  over  some  initial  time  interval.  This  led 
to  attempts  at  matching  attitude  responses  with  an  equivalent  second-order 
transfer  function  of  the  general  form 

0.  (s)  ti  f 

— -  =  -  £  /S)  =  _  (18) 

$es(s)  S2-r0.sS*Dc  9  ^  S 

The  values  of  the  coefficients  and  t>g  needed  to  achieve  accurate  time 
history  matching  are  to  be  indicative  of  the  amount  of  "damping*  and 
"stiffness"  possessed  fay  the  actual  system. 

Data  correlations  using  the  response  matching  technique  indicated 
that  the  technique  showed  promise  as  an  effective  means  for  dealing  with 
both  "attitude"  and  "rate*  type  vehicle  dynamics.  (These  data  correlations 
will  be  discussed  at  a  later  date  in  a  final  project  report.  Reference  44.  } 

A  set  of  dynamic  requirements  based  on  the  response  matching 
was  included  in  a  revised  specification  document  which  was  published  and 
sent  through  another  review  cycle.  Table  •HJ'.Z.Z.  1}  outlines  those  dy¬ 
namic  requirements. 

These  revised  requirements  seemed  to  be  free  of  many  of  the  char¬ 
acteristics  for  which  the  previous  version  was  criticized.  In  particular, 
there  was  no  longer  any  explicit  mention  of  rate  and  attitude  systems.  This 
was  implicitly  taken  care  of  in  the  response-matching  integral  criterion.  At 
the  same  time. the  response-matching  integral  criterion  appeared  to  account 
for  Ac  combined  influence  of  various  relative  locations  of  apcn'.dic  and 
oscillatory  roots  on  pilot  ratings.  Also  since  this  criterion  uses  time  his¬ 
tories  and  not  estimated  characteristics,  it  seemed  well  suited  for  com¬ 
pliance  testing. 

The  review  comments  received  on  the  revised  dynamic  requirements 
gave  die  general  impression  that  the  use  of  response  matching  in  a  specifica¬ 
tion  was  somewhat  unexpected.  Some  comments  were  enthusiastic.  One 
contractor  applied  the  response  matching  technique  to  his  own  aircraft  and 
sent  graphs  showing  how  the  vehicle  compared  with  the  requirement.  A  few- 
other  comments  mentioned  that  evaluating  die  integral  criterion  seemed  to 
require  complex  calculations.  For  the  most  part,  the  comments  made  it 
clear  that  more  experience  in  applying  the  method  would  be  needed  before 
detailed  constructive  comments  could  be  made. 
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was*  however,  one  thing  that  no  doubt  influenced  the  reaction 
to  response  matching.  Ihat  was  the  presence  of  a  unique  alternate  dynamic 
requirement  developed  in-house  by  the  Air  Force  Flight  Dynamics  Laboratory. 
This  alternate  requirement  specified  the  acceptability  of  an  aircraft  in  terms 
a  calculated  pilot  rating.  The  scheme  for  calculating  the  rating  utilizes 
a  mathematical  technique  that  minimize*  R  (R  for  rating)  in  the  equation 

e  ,  3  *  «<*- 0.8  ♦  Z.C  T  -  T  -  1.0  (19) 

0.1  Lm  Re¬ 

calculations  are  performed  on  an  analytical  representation  of  the  closed- 
loop  pilot/aircraft  combination.  Reference  45  describes  the  development  of 
this  technique. 

The  alternate  dynamics  requirement,  being  *-  ery  new,  very  inter¬ 
esting  and  very  different,  probably  had  the  effect  of  attracting  much  of  the 
attention  that  otherwise  would  have  been  directed  solely  to  critiqueing 
response  matchings  The  gist  of  die  review  comments  on  the  alternate  dy¬ 
namics  requirement  was  that  it  had  the  potential  to  become  a  valuable  tool 
and  further  wcrk  to  perfect  the  technique  should  be  carried  out  but  its  use  in 
a  specification  would  be  premature  considering  its  relatively  short  and  limited 
developmental  history. 

During  the  final  Government  review  cycle,  i.  e.  ,  the  one  leading  to 
the  dynamic  requirement  3 .2.2.  1  of  Reference  1,  the  decision  was  made  to 
omit  altogether  die  alternate  dynamics  requirement  and  to  delete  the  response 
matching  part  of  the  basic  or  main  requirement.  Several  factors  entered  into 
tins  decision.  Foremost  among  these  was  dial  the  lack  of  practical  experience 
with  the  proposed  new  ideas  introduced  into  the  requirement  made  it  difficult 
to  foresee-  the  nature  of  the  possible  problems  that  would  inevitably  arise 
during  an  airciaft  procurement  cycle.  This  factor  was  given  heavy  emphasis T 


It  is  believed  that  the  new  requirements  (3.Z.Z)  are  reasonably  con- 
sistext  with  the  data  ksc  in  that  the  oscillatory  mode  boundaries  provide  a 
:  fairly  good  separation  of  '.fee  pilot  ratings  associated  with  the  various  levels 

of  handling  qualities.  Figures  9(3.  2.  Z.  1),  10(3.  2.  2.  J),  and  1 1(3.  2.  2.  1)  show 
-he  s -plane  representations  of  oscillatory  mode  boundaries  for  Levels  1,  2, 
and  3  respectively.  Pilot  rating  data  are  shown  on  Figures  1213.  2.  2.  1) 

.  through  48  (3.2.2.  I)  along  with  portions  of  one  or  more  of  the  oscillatory 

7  mode  boundaries  depending  ra  the  region  in  the  s -plane  covered  by  the  data. 

!  -  (The  next  section  provides  a  guide  to  she  figures  which  should  be  helpful  to 

i  the  reader.) 

I  .  By  selecting  a  fe~v  graphs  at  random,  one  could  find  points  labeled 

{  with  pilot  ratings  that  tend  to  be  at  odds  with  ?  boundary  and  with  each  other. 

t  --  nsost  hi  remembered  :L»i  the  data  reflect  several  factors  that  influence 

l  pilot  ratings.  These  factors  include: 
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•  the  differences  between  fixed-base  and  moving-base 
simulation, 

•  the  differences  in  pilots, 

•  the  differences  in  values  of  •  *.)  ■  \  •  'v*  "*• 

•  the  differences  in  wind  and  gust  magnitudes. 

Thus  an  interpretation  of  the  data  on  any  one  graph  should  be  guided  by  the 
character  of  the  entire  set  of  data.  Particular  care  should  be  taken  when 
looking  at  the  Reference  34  results  in  which  high  values  of  were  eval¬ 

uated  in  steady  winds.  Although  the  rating  data  are  shown  an  an  s -plane  format, 
this  does  not  mean  that  pilot  opinion  was  influenced  primarily  by  oscillatory 
characteristics.  Proper  interpretation  must  rely  on  a  very  important  part  of 
the  data  which  is  not  contained  here:  the  pilot  comments.  These  comments 
are  contained  in  References34,.  35  ,  and  36.  Reference  34  has  an  extensive 
amount  of  comments  for  each  configuration  while  References  35  and  36  contain 
abbreviated  comments.  These  comments  were  relied  upon  to  interpret  die 
data  as  a  whole. 

Although*  as  mentioned  above,  the  new  requirements  are  believed  to 
be  generally  consistent  with  much  of  die  data,  they  are  also  believed  to  have 
an  inadequacy,  namely,  a  vehicle  that  behaves  tike  an  acceleration  system 
could  satisfy  Level  1.  It  has  been  established  that  vehicles  with  such  dy¬ 
namics  are  considered  to  have  unsatisfactory  flying  qualities.  Evidence  of 
this  fad  can  be  seen  on  many  of  die  control  sensitivity  vs.  damping  graphs 
presented  in  die  section  discussing  die  control  sensitivity  requirement 
(paragraph  3.  2.3. 2).  These  graphs  dhow  that  for  vehicles  having  very  low 
(including  zero)  values  of  %x  and  ^  (£W§1 ,  ratings  of  3-5  or  better 
are  not  likely  to  occur  at  very  low  values  of  pitch  (roll)  damping.  As  a 
numerical  example*  consider  a  vehicle  having  natural  derivatives  as  follows: 

ix  =  -  .05 

*x9  =  .004 

A  =--20 

Solution  of  the  characteristic  equation 

S’- >S*  *  ° 

yields  the  folloi^ng  roots 

S,  =  —268 

=  .009  *.122 

These  roots  satisfy  the  I-e-vel  1  requirements.  However  they  are  dose  to  the 
origin  of  the  s -plane  indicating  that  the  dynamic  behavior  of  die  vehicle  is 
approximately  that  of  a  pare  acceleration  system.  The  values  of  die  above 
derivatives  are  not  considered  to  be  those  os  a  highly  improbable  special 
case.  For  comparison  purposes.  Table  5(3.  2.  2.  1),  basest  on  the  numbers 
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in  References  13  and  l6,shows  the  values  of  x«.  "a*.  and  fH  (unaugrrented) 
for  several  VTOL's  and  helicopters.  This  range  of  values  does  include  the 
values  chosen  for  the  sample  calculation  and  it  is  therefore  not  unreasonable 
to  expect  them  to  occur. 

Data  presentation 


The  data  for  the  various  dynamic  configurations  are  shown  in  the  form 
°f  pilot  rating  correlations  with  s -plane  oscillatory  root  locations  on  Figures 
12(3.2.2.  1)  through  48(3.2.2.  1).  The  s -plane  boundaries  which  are  defined 
by  die  new  dynamic  requirements  are  shown  in  Figures  9(3.  2.  2.  1)  to 
11(3.2.2.  1).  Portions  of  one  or  more  of  these  boundaries  appear  on  the  pilot 
rating  correlation  graphs  depending  on  the  region  of  the  s -plane  covered  by 
the  data  points.  It  should  be  noted  that  different  pilot  rating  scales  were 
used  in  the  different  experiments.  The  Cooper  scale  [Table  6(3 .2.2.  If} was 
used  in  the  experiments  of  References  35  and  36.  The  rating  scale  of 
Table  7(3.  2.2.  1)  was  used  in  die  experiment  of  Reference  34. 

The  following  is  a  guide  to  the  figures. 

Figure  17(3.2.2.1) 

Moving-base.  Dynamics  identical  in  both  pitch  and 
roll  axes.  =  -  .  05,  A  g  =  .  330,  wind  =  10  knot, 

^  =3.4  fps.  * 

Figure  13(3.2.2.1) 

Moving-base.  Dynamics  identical  in  both  pitch  and  roll 
axes.  Xm  =  -  .20,  =  .330.  Compares  effects  of  winds, 

turbulence,  stick  force  gradient  on  ratings.  Winds  were 
10  knots  or  zero.  Turbulence  was  <T  =  3.4  fps  or  zero  in 
both  axes. 

Figures  14(3.2.2.1)  to  17(3.2.2.  1) 

Moving-base  longitudinal  study.  Lateral  dynamics  held 
constant.  Y^,  =  -  0-  1,  Lwf  =  .  164,  =-5. 0.  Wind  =  10  knots. 

=  CJT,  =3.4  fps.  Figures  show  x*r\3  families  as 
indicated  in  the  following  table. 
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Fig.  14 
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Fig.  16 

Fig.  17 
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igures  18(3.  2.  2,  1)  to  21(3.  2.  2.  1) 


Moving-base  lateral  study.  Longitudinal  dynamics  held 
constant.  Xu  -  -  0.  1.  =  .  32,  =  -3.0.  Wind  =  10  knots. 

4.  =  QJ ■  =  3.4  fps.  Figures  show  families  as 

indicated  in  the  following  table. 
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X  --  -05 

Fig.  18 

Fig-  19 

Yy  =  --20 

Fig.  20 

Fig.  21 

Figures  22(3.  2.  2.  1)  to  28(3.  2.  2.  1) 


Fixed-base  longitudinal  study.  Lateral  dynamics  held 
constant.  Yy  =  -  0. 1,  =  -  1. 1,  =  -  3.0.  No 

steady  wind.  Longitudinal  turbulence,  =  5.  1  fps. 

Lateral  turbulence,  =1.3  fps.  Figures  show 

families  as  indicated  im  the  following  table. 


Figures  29(3.2.2.  1)  and  30(3.2.2.  1) 

Fixed-base  longitudinal  study.  Lateral  dynamics  held 
constant,  =  -  0.  1,  j  =  -  0.  1,  =  -  3. 0.  No 

steady  wind.  No  turbulence.  ^  ^  =  0-  Figures  show 

families  as  indicated  in  the  following  table 


M.5  -  -33 

1.0 

Xu  -  -.05 

Fig.  29 

Fig.  30 

X  *  -  25 

m. 

Fig.  29 

Fig.  30 

Figures  31(3.  2.  2.  1)  an  J  32(3.  2.  2.  1) 

Fixed-base  longitudinal  study.  Lateral  dynamics  held 
constant-  Yr  =  -  0.  1,  L^.o  =  -  0.  1.  =  -  3.0.  No 

steady  wind.  Longitudinal  turbulence,  o'  =2.6  fps. 
Lateral  turbulence,  dr  =1/4  .  Figures  show  X  - 

j  families  as  indicated  in  following  table. 
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Fig.  32 

*u  =  -.25 

Fig.  31 

Fig.  32 

Figures  33(3.  2*.  2.  1)  and  34  (3.  2.  2.  1) 

Fixed-base  longitudinal  study.  Lateral  dynamics  held 
constant.  Y+  =  -  0.  1,  Lr  y  =  _  0.  1,  Z^  =-3.0.  No 
steady  wind.  Longitudinal  turbulence,  =7.7  fps. 

Lateral  turbulence,  =  1/4  -  Figures  show  X  — 

/Wm  q  families  as  indicated  in  following  table.  * 
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Fig.  33 

Fig.  34 
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Fig.  33 

Fig.  34 

Figures  35(3.  2.  2.  1)  to  41(3.  2.  2.  1) 

Fixed-base  lateral  study.  Longitudinal  dynamics  held 
constant.  =  -  .10,  =  0.67,  =  -  3.0.  No 

steady  wind.  <^.j=  5.  1  fps.  cr  =1.3  fps.  Figures  show 
Yy_—  tj  families  as  indicated  in  following  table. 
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Fig.  35 

Fig-  36 

Fig.  35 

Fig.  37 

Fig.  35 

Fig.  35 

-.67 

Fig.  38 

- 

Fig.  38 

Fig.  38 
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Fig.  38 

-1.00 

Fig-  39 

Fig.  40 

Fig.  39 

Fig.  41 

Fig-  39 

Fig-  39 

Figures  42(3. 2.  2.  1)  to  45(3.  2.  2.  1) 


Fixed-base  longitudinal  study.  =  -  .  05,  ^  y  values  ■> 

are  1®»  0*67,  1.0,  2.0.  Lateral  dynamics  held  constant. 

V  _  _  =  -  0.  1,  Z  .  =  _  3.0.  No  steady  winds. 

ct  =  5.  1  fps.  cr  =  1.  3  fps. 

5  *5 

Figures  46(3.  2.  2.  1)  to  48{  3.  2.  2.  1) 

Fixed-base  lateral  study.  =  -  .05,  Z^y  values  are 

_®-  10,  -1.0,  -2.0.  Longitudinal  dynamics  held  constant. 

=  ”  *  1®»  =  0.67,  *1*  =  -  3.0.  No  steady  winds. 

<V  =  5. 1  fps.  cr  =1.3  fps. 
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TABLE  2(1.  2.2.1) 

SUMMSY  OF  ATTi  ni*:  FEBKACX  STABILITY  FEATURES 
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Level  3  Aperiodic  Mode 

Time  to  double  not  lent  than  5  aeconda 
Oscillatory  Mode 

Time  to  double  not  loa>  than  B  aeconda  provided  1,25  rad/aec 

if  CJrf>  1,25  rad/aec,  oacillationa  ahail  be  stable 


TA3LE  5(3.  2.  2.  1)  , 


HOVERING  STABILITY  DERIVATIVES  FOR 
SEVERAL  VTOL’s  AND  HELICOPTERS 
(Data  From  References  13  and  16) 
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Rfun  1  CLZ2.1)  COMPARISON  OF  FLIGHT  AND  EMULATOR  RESULTS  FOR 
THE  PITCH  AXIS 


(37-2.1)  ROOT  LOCI  =  Of 
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Bpm3  CX22.1)  M^f  ROOT  LOO  SHOWMG  LIKELY  REGION  OF  OSCILLATORY  ROOTS 
FOR  A  RANGE  OF  AMD 
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11  C3-2-2.1) 
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LEVEL  3  s-PLANE  OSCILLATORY  MODE  BOUNDARY 


IZO 


LEVEL  1 


Flljurt  12  (3, 2.2,1)  PILOT  RATING  CORRELATION  WITH  OSCILLATORY  ROOT  LOCATIONS 


POOR  RATING  CAUI1D  BY 
TRIM  ATTITUDI  RIIULTINQ 
PROM  LAROl  X,,  AND  WIND 


RATING  CORRELATION  WITH  OSCILLATORY  ROOT  LOCATIONS 
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Figure  19  (3  7  7  1)  PILOT  RATING  CORRELATION  WITH  OSCILLATORY  ROOT  LOCATIONS 

128 


130 


22  (32L2.1)  PILOT  RATING  CORRELATION  WITH  OSCILLATORY  ROOT  LOCATIONS 


23  {3_2_2.11  PILOT  RATING  CORRELATION  WITH  OSCILLATORY  ROOT  LOCATIONS 
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25  02-2.1)  PILOT  RATING  CORRELATION  WITH  OSCILLATORY  ROOT  LOCATIONS 
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Rpn  27  (3-2L2.1)  PILOT  RATING  CORRELATION  WITH  OSCILLATORY  BOOT  LOCATIONS 
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CX2L2.1)  PILOT  RATING  CORRELATIOH  WITH  OSCILLATORY  ROOT  LOCATIONS 
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C3L2-2.1)  PILOT  RATING  CORRELATION  WITH  OSCILLATORY  BOOT  LOCATIONS 
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Figure  41  P??1)  PILOT  RATING  CORRELATIOW  WITH  OSCILLATORY  ROOT  LOCATIONS 
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Fip»e44  (3.2-211)  PILOT  RATING  CORRELATION  WITH  OSCILLATORY  ROOT  LOCATIONS 
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3,  2. 2.  2  DIRECTIONAL.  DAMPING 

REQUIREMENT 

3-  2.  2.  2  Directional  damping.  While  hovering  at  zero  airspeed,  the  yaw 
mode  shall  be  stable  and  the  time  constant  shall  not  exceed  the  following: 

Level  1:  1.0  second 

Level  2:  2.0  seconds 

F o»-  Level  3  operation  there  shall  be  no  tendency  toward  aperiodic  divergence 
in  ,a«. 

DISCUSSION 

w 

There  has  been  considerable  disagreement  in  the  literature  with 
respect  to  minimum  acceptable  yaw  damping  levels  in  hover.  Figure  1(3 .2.2.2) 
indicates  some  of  these  requirements  including  the  present  values.  MLL-H- 
850 1A  and  AGARD  408  (References  15  and  46)  specify  minimum  yaw  damping 
values  as  a  function  of  f.  calling  for  angular  velocity  damping  of  ) 07 

ft-lb  (rad/sec)  where  K  is  27.0  in  MIL-H-8501A  (VFR  and  IFR)  and  14.T)  in 
AGARD  408  (single  failure).  If  i?  ( ft7  is  divided  by  ly  ,  the  result 
is 

i /It  1  _0.  3  -1 

C(-y)  sec  . 

The  dimension  of  the  latter  is  that  of  the  yaw  damping  derivative,  .  The 
time  constant  for  the  first-order  yaw  mode  in  hover  can  be  approximated  by 


RTM-37  (Reference  47)  specifies  a  maximum  value  of  1.5  seconds 
for  this  first-order  time  constant.  This  is  equivalent  to  specifying  values 
of  more  negative  than  -0.67. 

The  choice  of  minimum  acceptable  yaw  damping  appears  to  be  a 
function  of  Vr  as  indicated  in  the  experiment  of  Reference  48  which  was  con¬ 
ducted  in  the  presence  of  a  simulated  steady  wind  and  simulated  turbulence 
[see  Figures  20(3.2.  3.  2)  to  23(3.2.  3-  2)J-  At  =  0-  01,  a  3.  5 'rating  was 
achieved  with  tir  as  low  as  -0.  5  for  the  VFR  hover  task  (with  optimum 
This  minimum  damping  increased  to  -1.  2  at  A^-  =  0-  02,  to  -3.  5  at  A^,  = 
0.035.  to -5- Oat  =0.05. 

The  following  list  (from  References  13  and  16)  gives  values  of  fJr  at 
hover  for  several  VTOL’s  and  helicopters. 


4 
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<> 


Aircraft 

Nr 

X-22A 

.005 

VZ-4DA 

0 

XC-142A 

-.00037 

X-19 

.0005 

XV-5A 

.002 

SH-3A 

.009 

H-34A 

.01 

H-19 

.035 

UH-1D 

-.023 

CH-46 

0 

Note  that  the  VTOL's  have  generally  lower  values  of  /'V  than  the  helicopters. 
Thus  the  dependency  of  yaw  damping  on  K^,  is  expected  to  be  more  pro¬ 
nounced  on  helicopters .  This  problem  is  in  need  of  further  research  be¬ 
cause  along  with  and  determine  a  vehicle's  gust 

response  characteristics.  At  this  time  there  is  no  satisfactory  manner  of 
stating  a  requirement  to  ensure  mutual  compatibility  of  gust  response  and 
control  response  characteristics. 


Some  additional  data  for  Nw  -  0  cases  are  shown  in  Figures 
4(3.  2.  3.  2)  and  14(3.2.  3.  2)  from  References  38  and  49  respectively.  In 
Figure  4(3.  2.  3.  2)  both  the  single-  and  two-axis  results  indicate  a  minimum 
Nr  of  -1.0  for  a  3.  5  rating  and  Level  2  boundaries  around  Nr  -  0.  Figure 
14(3.  2.  3.  2)  indicates  an  Nr  or  -0.  5  for  a  rating  of  3.  5. 

Reference  50  summarizes  the  general  state  of  the  data  base  as  follows: 
“The  basic  rotary  damping  requirements  do  not  appear  to  be  significantly 
size-,  mission-,  or  weight-dependent.  Basic  requirements  for  minimum  fy 
and  Nf  appear  to  be  about  - 1.  0,  but  these  may  be  low  for  high  gust  sensitivity 
and  correspondingly  high  control  effectiveness.  * 
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flflur«  1  (3, 2, 2, 2)  DIRECTIONAL  DAMPING  REQUIREMENTS  IN  HOVER 


± 


3-2.3 _ CONTROL  CHARACTERISTICS 

3.  2.  3.  1  CONTROL  POWER 

REQUIREMENTS 

3-  2.  3  Control  characteristics.  To  ensure  adequate  hover  and  low-speed 
control  characteristics,  the  following  requirements  shall  be  satisfied 
starting  from  flight  at  constant  speed  with  zero  angular  rate. 

3-  3.  1  Control  power.  With  the  wind  from  the  most  critical  directions 

relative  to  the  aircraft,  control  remaining  shall  be  snch  that  simultaneous 
abr  upt  application  of  pitch,  roll  and  yaw  controls  in  the  most  critical 
combination  produces  at  least  the  attitude  changes  specified  in  table  IV 
within  one  second  from  the  initiation  of  control  force  application. 

TABLE  IV.  Attitude  Change  in  One  Second  or  Less  (Degrees) 


Pitch 

Boll 

Yav 

Level  1 

*3.0 

*4.0 

±6.0 

Level  2 

±2.0 

±2.5 

♦3.0 

Level  3 

±2.0 

±2.0 

±2.0 

DISCUSSION 

The  amount  cf  control  power  needed  by  an  airplane  can  be  generally 
classified  as  that  required  for 

1.  Trimming 

2.  Maneuvering 

3.  Stabilizing 

Such  a  classification  is  very  convenient  for  discussion  purposes.  Also  it 
suggests  that  total  control  power  be  defined  as  the  sum  of  the  individual  con¬ 
trol  power  needs  in  each  category.  However,  it  would  probably  be  better 
not  to  promote  such  a  definition.  Considering  the  current  state  of  knowledge 
about  control  power,  it  would  seem  better  to  say  that  total  required  control 
power  is  a  function  of  the  individual  control  power  needs  in  each  category. 
Whether  or  not  the  function  is  equivalent  to  simple  addition  of  the  "components* 
remains  to  be  established  experimentally. 

There  is  no  particular  problem  in  specifying  the  control  power  needed 
to  trim-  The  easiest  approach  is  to  mate  use  of  fixe  consequences  of  the  laws 
of  mechanics.  For  example,  paragraph  3-2.3  refers  to  flight  at  constant 
speed  and  zero  angular  rate.  This  flight  condition  is  one  of  trim  and  achieving 
it  requires  that  the  control  moments  balance  all  other  moments. 
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The  maneuvering  and  stabilizing  categories  are  not  so  straight¬ 
forward  as  trim-  First  consider  the  maneuvering  category.  The  problem 
of  specifying  control  power  requirements  here  can  be  best  illustrated  by 
starting  with  the  basic  equations  of  motion  m  vector  form 

F  -  •/  and  *  tf 

The  control  moments  are  included  in  M  .  In  order  to  specify  what  these 
control  moments  should  be  it  is  necessary  to  know  the  angular  momentum 
vector,  >/  ,  as  a  function  of  time.  In  particular  it  may  be  necessary  to 
consider  several  such  functions,  say  ,  H^tt)  »  and  &s(t)  ,  each  over 

some  appropriate  time  interval,  before  the  condition  of  maximum  control 
power  application  can  be  found-  Each  one  of  these  functions  is,  of  course, 
simply  a  different  maneuver.  The  problem  of  writing  requirements  is  that 
these  functions  are  not  known. 

A  survey  of  the  literature  will  show  that  particular  maneuvers  are 
verbally  distinguished  but  that  precise  descriptions  of  the  maneuver 
kinematics  are  lacking-  Before  maneuver  control  requirements  can  be 
properly  formulated  it  will  be  necessary  to  acquire  the  kinematic  or  motion 
data  showing  wrhicb  maneuvers  involve  the  largest  accelerations,  the  fastest 
rates,  and  the  greatest  displacements,  or  the  combinations  thereof.  Such 
kinematic  data  along  with  corresponding  control  usage  data  will  go  a  long 
way  in  identifying  those  maneuvers  which  are  most  critical. 

In  lieu  of  precise  kinematic  data,  the  requirement  of  3.  2.  3.  1  used, 
as  a  measure  of  minimum  maneuvering  control  power  needs,  certain  values 
of  attitude  angles  that  should  occur  within  1-0  second  after  an  abrupt  control 
input-  These  values  are  thought  to  be  sufficient  for  moderate  maneuvering. 
Also,  simultaneous  application  of  controls  is  specified  since  certain  types 
of  VTOL.  control  systems  use  engine  compressor  bleed  air.  For  these 
types  of  systems,  the  moment  available  about  one  axis  can  depend  on  the  mo¬ 
ments  being  used  about  the  other  axes. 

The  control  power  used  for  stabilizing  depends  on  three  things: 

1.  turbulence  spectrum, 

2.  vehicle  dynamics,  and 

3-  loop  closures  (i.e.,  the  pilot-vehicle  system). 

Taking  these  three  factors  into  account  to  specify  control  power  usage  is 
still  a  fertile  field  for  both  analytical  and  experimental  research.  It  is 
felt  that  3.  2.  3-  1  accounts  somewhat  for  turbulence  in  that  portions  of  the 
data  were  acquired  under  conditions  representing  flight  in  gusty  air. 


In  both  MIL-H-8501A  and  -AG.ARD  408  (References  15  and  46)  the  pitch 
control  requirements  were  formulated  in  terms  of  the  pitch  angle  response 
that  can  be  developed  in  1.0  second  following  an  abrupt  I.  0  inch  control  input 
(and  also  full  control  input).  For  a  simple  single-degree-of-freedom  repre¬ 


sentation  of  pitch  dynamics,  the  pitch  angle  response  to  a  step  input  in  is 
?iven  b>'  ** 


9(i)  = 


5£S  £5 
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i  . 


1 

f 


If  we  substitute  /  —  1  second  we  get 

<2' 

Eliminating  pitch  damping,  ,  from  further  consideration  we  see  that  Oft) 
depends  on  both  the  sensitivity  %£S  and  the  applied  control  deflection  S£s  . 
This  factor  complicates  the  analysis  of  experimental  data  when  using  0(r) 
as  a  correlating  parameter  because  there  are  several  interpretations  that 
can  be  made  using  equation  2. 


First,  assume  that  Ses  =  1-0  inch  step.  Then  we  get 

From  equation  (3),  it  can  be  argued  that  for  fixed  damping,  G(i)  is  a  mea¬ 
sure  of  the  sensitivity  for  1.  0  inch  step  inputs.  However,  it  can  also  be 
argued  that  6(1)  is  a  measure  of  the  amount  of  control  power  applied  by  a 
1.  0  inch  step  input,  i.  e.,  the  product  ^S£5  {  L0). 


Next  consider  the  following  form  of  equation  (  2  ): 


60) 

**£S 


(4) 


This  equation  expresses  the  ratio  of  6(f)  to  any  $£S  ,  and  for  fixed  we 
could  use  this  ratio  as  a  measure  of  sensitivity.  Note  however  that  the 
numerical  value  of  6(i)  / S£s  computed  from  equation  (  )  is  the  same  as 

the  nunerical  value  of  9(f)  computed  from  equation  {  3  ).  This  is  not  par¬ 
ticularly  profound  mathematics.  But  there  are  different  implications  in  the 
case  of  writing  sensitivity  requirements  depending  on  whether  one’s  thoughts 
are  being  guided  by  equation  (  3  )  or  equation  (  4  ).  It  can  be  seen  that 
paragraph  3-2.  3.2,  which  specifies  the  ratio  of  attitude  change  to  control 
input,  is  based  on  equation  (  4  ).  If  equation  {  3  )  had  been  used  as  a  guide, 
then  the  sensitivity  requirements  of  paragraph  3.  2.  3.2  would  have  to  specify 
that  a  1.0  inch  control  input  be  used  in  demonstrating  compliance.  For  con¬ 
figurations  with  high  sensitivities,  the  use  of  a  1.0  inch  input  would  result 
in  some  pretty  large  attitude  excursions  during  demonstration  flight  testing. 


As  a  third  interpretation  of  the  significance  of  0(f)  as  a  control  re¬ 
quirement,  we  write  equation  {  4  }  as 

(5) 

where  Mc  —  ^  Sgj  is  the  applied  control  power  for  an  abrupt  step  control 

input  of  some  unspecified  size.  From  this  equation  we  see  that,  for  fixed 
pitch  damping,  0(f)  is  a  measure  of  control  power  applied  to  the  vehicle.  The 
distinction  between  control  power  applied  to  the  vehicle  and  control  power 
available  to  the  pilot  is  an  important  one  to  make.  There  are  cases  in  the 
literature  where  experimental  results  are  presented  in  terms  of  boundaries 
on  a  graph  cf  damping  vs  control  power  available  on  the  vehicle.  Without 


o 
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knowledge  of  how  much  of  this  available  control  power  was  being  used  by  the; 
pilot,  care  must  be  taken  in  drawing  conclusions  from  such  data.  Similarly^ 
one  can  find  boundaries  of  damping  vs  sensitivity  but  without  an  indication  of* 
the  control  deflection  and  control  power  being  applied  to  the  vehicle  by  the  | 
pilot.  j 

i 

There  is  not  a  large  amount  of  experimental  data  showing  the  actual  i 
control  power  applied  to  the  vehicle.  This  lack  of  data  and  some  suggestion^ 
on  how  to  measure  and  present  and  interpret  control  power  usage  data  are 
discussed  in  Reference  51. 

However,  the  data  that  are  available  lead  to  some  interesting  conclu¬ 
sions.  Figure  1  (3.2.3. 1)  shows  some  actial  usage  results  for  several  f 
vehicles  developed  under  the  VJ-101  program  (Reference  52).  In  Figure-1  ^ 
(3.  2.  3.1),  is  the  control  power  which  covers  99%  of  the  total  usage  and 

lies  between  0.  20  and  0.  30  rad/ sec2  for  the  several  tasks  performed  with 
the  attitude  SAS  operating  on  the  three  different  vehicles.  There  is  little,  if 
any,  variation  of  control  power  usage  over  the  weight  range  of  2  to  8  tons. 

t 

Reference  53  contains  many  control  moment  distribution  curves  for 
the  Do -31  hovering  rig.  One  of  the  curves  compares  die  pitch  angular 
acceleration  usage  for  a  normal,  smooth  air  flight  with  the  usage  when 
artificial  disturbances  were  introduced.  In  smooth  air,  the  probability  of 
exceeding  about  ±  0.  15  rad/sec2  was  essentially  zercC  With  disturbances, 
on  the  other  hand,  the  control  usage  increased  to  about  i  0.375  rad/sec2 
before  probability  of  exceedance  became  very  low. 

Figures  2  (3.2.3-  1)  and  3  (3.2.3-  1)  also  contain  some  control  power 
data.  However,  the  values  indicated  are  those  available  on  the  vehicle  and 
are  not  necessarily  indicative  of  what  the  pilot  used  except  perhaps  at  the 
lower  values - 


Figure  2  (3-2.3.  l),froro  Reference  54,  shows  a  control  power- of 
about  .  5  rad/ sec2  is  needs'!  to  achieve  a  3.  5  rating  and  a  rating  of  6  is  not 
encountered  until  the  control  power  is  reduced  to  about  .2  rad/sec2.  The 
HIAD  (Reference  55)  limit  line  on  Figure  2  (3.2.3.  1)  corresponds  to  a  max¬ 
imum  cockpit  deflection  of  ±  7  inches. 

Figure  3  (3-  2.  3.  1)  taken  from  Reference  56  shows  that  at  a  control 
sensitivity  of  about  0.  i  rad/sec2—  in-  ,  a  control  power  of  at  least  -25  rad/sec2 
is  needed  to  achieve  a  3.  5  rating,  and  that  ratings  deteriorate  rapidly  if  the 
control  power  falls  much  below  .  25  rad/ sec2  . 

Figures  4  (3.2.  3.  1)  through  7  (3.2.3,  1)  contain  some  control  power 
usage  data  from  Reference  57.  These  figures  show  the  percentage  of  time 
that  a  given  value  of  control  power  is  exceeded  for  several  dynamic  config¬ 
urations  under  different  wind,  gust  and  task  conditions.  It  is  to  be  noted 
that  the  control  power  in  these  figures  is  that  being  applied  to  the  vehicle  and 
not  just  that  being  commanded  by  the  pilot. 
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Figure  4  (3-  Z.  3.  1)  shows  the  effect  on  ccntrol  power  usage  of  SAS, 
turbulence  and  task  for  a  configuration  whose  longitudinal  and  lateral  dy- 
nanucs  are  identical.  Note  that  on  this  figure*  control  power  (^)  is 
defined  as  the  square  root  of  the  sum  of  die  squares  of  pitch  and  roll  control 
powers.  Except  for  the  condition  where  gusts  are  twice  die  nominal  value. 
Figure  4  (3.  2.  3.1)  shows  that  a  ^  value  of  0.5  rad/sec*  is  exceeded  less 
than  5%  of  the  time  for  die  hover  task,  the  maneuver  task,  the  nominal  dy¬ 
namics  (  -  -  3)  and  thi  dynamics  with  lower  damping  (  =  -  1.  0). 

Because  of  the  way  ^  is  defined  we  cannot  determine  the  values  of  pitch 
and  roll  control  power  separately.  However,  we  know  that 

^  CV  ^  £/? 

and  since  <5*-q  =  5.  1  ft/sec  while  axr^  =1-3  ft/ sec, a  rough  guess  for  the 

ratio  of  to  Lr  would  be  about  4.  The  reference  to  maximum 

iDdx  max 

control  powers  in  this  last  sentence  is  perhaps  a  bit  casual.  It  would  be 
more  precise  to  use  the  value  of  pitch  (roll)  control  power  which  is  exceeded 
for  some  given  percentage  of  time. 

Figure  5  (3.2.3. 1)  shows  die  effect  of  task  and  wind  direction  on  con¬ 
trol  power  usage  for  a  configuration  whose  dynamics  are  different  from 
those  of  Figure  4  (3.2.3.  1).  For  the  three  curves  on  Figure  5  (3.2.3.  1), 
a  control  power  value  of  0.  35  rad/sec2  is  exceeded  less  than  5%  of  the  time. 

Figure  6  (3.  2.3.  1)  shows  the  effect  of  SAS  level  and  task  on  the  pitch 
control  power  usage.  Except  for  Jhe  value  of  ,  the  basic  dynamics  are 
the  same  as  Figure  5  (3.2.3.  1).  The  two  arrows  pointing  down  from  the 
caption  in  the  center  of  Figure  6  (3.2.3.  1)  indicate  die  values  of  pitch  con¬ 
trol  power  needed  to  satisfy  the  Level  1  0(l)  response  requirement  of 

paragraph  3.'2. 3.  1  of  Reference  1.  For  the  case  where  -  -.85,  a  pitch 
control  power  of  .  14  rad/sec2  is  required.  This  control  power  would  be 
exceeded  about  4%  of  the  time  in  die  hovering  task  and  7%  of  the  time  in  the 
maneuvering  task.  For  the  case  where  =  — 1.2,  a  pitch  control  power  of 
about  0.  155  rad/sec*  is  required.  For  the  hover  task  this  is  exceeded 
about '1%  of  the  time  and  for  the  maneuver  task  about  6%  of  die  time. 

Figure  7  (3.  2.  3.  1)  shows  how  control  power  limitations  affect  pilot 
rating.  The  upper  part  of  this  figure  shows  the  measured  control  power 
usage  for  a  hovering  and  maneuvering  task  when  there  is  no  limitation  on  the 
control  power  available  to  the  pilot.  The  lower  part  of  the  figure  shows 
pilot  ratings  when  the  control  power  available  to  the  pilot  is  limited  to  the 
values  shown.  Note  the  rapid  deterioration  of  rating  at  about  0.  08  rad/sec* 
which,  with  more  control,  would  be  exceeded  only  11%  of  the  time.  For  prtch 
control  power  values  of  about  0.  :0  rad/sec2  and  more,  control  power  deficien¬ 
cies  were  noted  only  occasionally  (probability  of  exceedance  was  about  .  06). 

The  data  just  presented  provide  reasonable  evidence  from  which  to 
conclude  that  control  power  usage  for  maneuvering  and  stabilizing  should 
fall  at  least  in  the  0.  15  to  0.  5  rad/sec2  range  depending  on  type  of 
control  system,  the  disturbances  encountered,  and  of  course  the  particular 
maneuvers  involved. 


The  interesting  thing  about  this  range  of  control  powers,  i.  e. ,  about 
0.  15  to  0.  5  rad/sec2,  is  that  it  is  numerically  equal  to  the  range  of  nu¬ 
merical  values  of  control  sensitivities  that  is  indicated  by  the  experimental 
data  to  vary  from  minimum  acceptable  all  the  way  up  to  rraximum  acceptable 
depending  on  the  magnitude  of  pitch  damping  and  speed  stability. 

Figure  8  (3.  2.3.  1)  ,  which  compares  the  results  of  several  exper¬ 
iments  in  the  form  of  3.  5  boundaries  on  a  pitch  damping  vs  sensitivity 
graph,  amply  illustrates  this.  It  is  therefore  not  too  unreasonable  to  re¬ 
label  the  horizontal  axis  with  a  title  like  "maximum  control  power  applied 
by  the  pilot”. 

Going  back  to  equation  (  3  },  suppose  we  substituted  values  of  .  15  to 
0.  5  for  ,  the  applied  control  power,  and  then  listed  out  the  corresponding 
range  of  0(l)  so  computed.  This  range  of  Q(f)  would  be  the  same  as  if  we 
had  used  equation  (  3  )  and  equation  (  4  )  along  with  a  0  .15  to  0.  5  range  of 
control  sensitivity,  .  Again  this  is  not  profound  mathematics.  But 

equating  applied  control  power  with  sensitivity  thus  seems  warranted  by  the 
experimental  data,  limited  though  it  may  be.  Hence  it  appears  that  with 
proper  qualification,  control  sensitivity  data  can  be  useful  in  formulating 
control  power  requirements. 

The  qualification  deemed  appropriate  is  that  we  can  supplement  actual 
control  power  usage  data  by  using  the  lower  values  of  control  sensitivity,  as 
indicated  bv  pilot  rating  boundaries  on  control  sensitivity  vs  damping  graphs, 

«  to  establish  minimum  control  power  requirements.  However,  it  is  necessary 
tc  interpret  such  sensitivity  data  in  terms  of  control  power  needs. 

One  such  interpretation  seems  best  explained  in  terms  of  the  simple 

X -force  equation:  .  . 

U(t)  qO(t) 

During  the  initial  stages  of  a  rapid  pitching  motion,  uit /  is  small.  Thus 
during  some  short  time  interval  following  an  abrupt  control  input,  the 
following  equation  is  a  satisfactory  approximation. 

*(T)  = 

With  this  equation  we  can  interpret  the  need  for  certain  values  of  control 
power  as  follows:  Control  powers  of  a  certain  minimum  level,  say  0.  15  to 
0.5  rad/sec*,  are  needed  to  command  the  rapid  pitch  angle  changes  so  that 
the  component  of  thrust  provides  the  horizontal  accelerations  deemed  ade¬ 
quate  for  useful  horizontal  translational  maneuvers. 

The  particular  horizontal  accelerations  needed  would  seem  to  depend 
not  so  much  on  the  size  of  a  vehicle  as  on  the  types  of  low-speed  translational 
maneuvering  the  vehicle  is  called  upon  to  perform-  Sire  (fnseiage,  length, 
wing  span)  could,  however,  impose  a  practical  constraint  on  the  allowable 
horizontal  accelerations.  The  studies  of  pitch  response  requirements  for 
maneuvering  reported  in  the  literature  have  not,  it  seems,  given  enough 
attention  to  the  linear  accelerations  associated' with  pitching  motions. 
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Assuming  that  90)  is  a  measure  of  this  ability  to  develop  horizontal 
accelerations,  we  can  place  minimum  control  power  requirements  in  cor¬ 
respondence  with  minimum  0(f)  requirements.  Now  constant  9(f)  lines  on 
a  damping  vs  sensitivity  graph  that  contains  pilot  rating  boundaries  tend  to 
approximate  the  iso-opinion  boundaries.  Figure  8  (3.2.3.  1)  is  a  global 
picture  showing  the  degree  to  which  a  constant  9(0  line  of  .  05  radians  approx¬ 
imates  a  part  of  the  diverse  pilot  rating  boundaries  reported  in  several 
studies.  If,  as  appears  to  be  true,  we  can  numerically  equate  minimum  con¬ 
trol  power  needs  with  sensitivity  f  >r  these  portions  of  the  iso-opinion  boun¬ 
daries,  then  we  can,  in  fact,  use  the  sensitivity  data  as  if  it  were  control  power 
data.  This  idea  is  indicated  in  the  following  sketch. 


numerical 

identity 


some  control 
usage  data 


*C 


\ 

00) 


iso-opinion  boundaries 


to  develop  translational 
accelerations  and  stabilize 
gusts 


The  Level  1  requirements  of  paragraph  3-2.3-  1  were  thus  formulated 
by  selecting  the  6(f)  lines  that  seemed  to  best  match  the  overall  data,  much 
of  which  will  appear  in  the  next  section.  Although  we  have  been  using  the 
symbolism  and  terminology  for  longitudinal  control,  essentially  the  same 
procedure  and  ideas  were  used  in  formulating  the  control  power  require¬ 
ments  for  the  roll  and  yaw  axes. 

In  response  to  comments  received  during  the  review  period,  the 
Level  3  response  requirements  have  been  set  at  2  degrees  in  one  second  or 
less,  for  the  pitch,  roll  and  yaw  axes.  Inasmuch  as  these  control  power 
levels  are  somewhat  arbitrary  and  are  in  a  region  of  high  gradient  of  pilot 
rating  with  control  power,  these  changes  are  considered  reasonable. 

As  a  closing  remark,  we  call  attention  to  the  conditions  under  which 
demonstration  of  compliance  is  to  be  carried  out.  These  conditions  are: 
constant  speed,  and  zero  angular  rate  with  the  wind  from  the  most  critical 
direction  relative  to  the  aircraft.  In  particular  they  include  ascending  and 
descending  flight.  It  is  recommended  that  the  reader  temporarily  turn  to 
requirement  paragraphs  3.2.5  3.  2.  5.  2  which  state  specific  climb  and 

descent  conditions  under  which  control  requirements  must  be  satisfied. 
Although  it  could  be  argued  that  these  conditions  should  have  also  been  stated 
in  3.  2.  3.  1,  it  is  believed  that  the  last  sentence  in  3.  2.  5  provided  x'or  more 
concise  wording. 
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In  summary,  the  requirements  of  3.  2.  3.  1  are  believed  to  provide 
realistic  minimum  control  powers.  There  is  still  ^  great  need  for  more 
research  on  this  problem  and  in  particular  for  data  in  a  format  that  reflects 
how  much  control  is  being  applied  to  the  vehicle  rather  than  just  what  is 
available. 
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Figure  1{3.  2.  3.  1)  CONTROL  POWER  USAGE  FROM  FLIGHT  TEST  RESULTS 
OF  REFERENCE  52. 


lO»SmJDW»AL  CONTROL  SENSITIVITY.,  RADSH^JUL 


Hpire  2  13211)  CONTROL  POWER  AND  CONTROL  SENSITIVITY  EFFECTS  ON 
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Fiptre  4  (3JL3.1)  EFFECT  OF  SAS.  TURBULENCE  AND  TASK  ON  CONTROL  POWER  USAGE 
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Figure  7  (3i3.i)  COMPARISON  OF  PITCH  CONTROL  POWER  USAGE  WITH 
PILOT  RATING  OF  LIMITED  CONTROL  POWER 
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3.  2.  3.  2  RESPONSE  TO  CONTROL  INPUT 
REQUIREMENT 

3.  2.  3.  2  Response  to  control  input.  The  ratio  of  the  maximum  attitude 
change,  occurring  within  the  lirst  second  following  an  abrupt  step  displace¬ 
ment  of  the  appropriate  cockpit  control,  to  the  magnitude  of  the  cockpit  con¬ 
trol  command  shall  lie  within  the  bounds  of  table  V.  There  shall  be  no 
objectionable  nonlinearities  in  aircraft  response  to  control  deflections  and 
forces.  -v/v 

TABLE  V.  Response  to  Control  Input 
in  One  Second  or  Less  (Degrees  Per  Inch) 


Level 

Pitch 

Roll 

Yaw 

Min 

Max 

Min 

Max 

Min 

Max 

1 

3.0 

20.0 

4.0 

20.0 

6.0 

23.0 

2 

2.0 

30.0 

2.5 

30.0 

3.0 

45.0 

3 

1.0 

40.0 

1.0 

40.0 

1.0 

50.0 

DISCUSSION 

In  addition  to  control  sensitivity,  that  is,  the  acceleration  per  unit 
control  input,  the  pilot’s  opinion  of  a  vehicle’s  flying  qualities  is  influenced 
by  such  factors  as  the  vehicle’s  dynamics,  control  power,  task,  atmospheric 
disturbances,  etc.  However,  control  sensitivity  is  an  important  parameter 
in  that  improper  selection  of  sensitivity  can  degrade  the  flying  qualities  of 
an  otherwise  satisfactory  vehicle  to  an  unacceptable  level.  Conversely, 
judicious  selection  of  control  sensitivities  of  a  vehicle  with  marginal  handling 
qualities  can  result  in  a  considerable  improvement  in  pilot  opinion. 

Generally  speaking,  low  sensitivities  usually  result  in  a  vehicle  with  sluggish 
response  characteristics  while  excessively  high  sensitivities  tend  to  lead  to 
overcontrolling. 

Since  control  sensitivity  is  a  difficult  parameter  to  determine  exper¬ 
imentally,  the  allowable  range  of  sensitivities  is  specified  indirectly  in  terms 
of  attitude  response  within  one  second  per  unit  control  input.  In  addition  to 
practical  considerations,  this  method  is  considered  reasonable  because  of  the 
relationship  between  attitude  response  and  maneuverability  in  translation 
over  the  ground.  •  - 

VTOL  airplanes  do  not  require  large  normal  accelerations  to 
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accomplish  useful  lew-speed  missions  and  to  perform  necessary  flight  tasks 
such  as  takeoff  and  landing.  But  the  normal  accelerations  that  are  used  must 
be  developed  by  thrust  control  because  the  mechanism  for  developing  lifting 
loads  on  conventional  fixed  wings  is  either  absent  or  extremely  weak-  Thus, 
control  of  angle  of  attack,  which  is  a  fundamental  variable  in  developing  lift 
on  fixed  wings,  is  not  a  primary  low-speed  flight  control  consideration. 
Longitudinal  and  lateral  moment  control  is  still  important,  however,  because 
it  is  effective  in  developing  horizontal  accelerations  by  tilting  thrust  vectors. 
Thrust  vectors  can  also  be  tilted  by  configuration  changes,  but  even  in  this 
case,  longifidinal  and  lateral  control  will  probably  still  be  needed  for  gust 
stabilization. 

In  stabilizing  and  maneuvering  a  V/STOL  aircraft,  pilots  tend  to  use 
rapid  and  frequent  control  inputs  rather  than  long,  steady  control  inputs. 

Thus,  the  pilot's  awareness  of  the  controllability  and  maneuverability  of  the 
vehicle  is  influenced  primarily  by  its  short  term  attitude  response  to  control 
Inputs.  In  particular,  for  the  pitch  and  roll  axes,  attitude  response  directly 
influences  die  capability  of  the  vehicle  to  rapidly  develop  translational 
accelerations  in  the  horizontal  plane. 

For  a  given  dynamic  configuration,  the  minimum  satisfactory  control 
sensitivities  are  probably  related  to  the  magnitude  of  the  control  deflections 
required  to  perform  the  mission.  Obviously  pilot  fatigue  and  discomfort 
will  be  aggravated  by  very  low  sensitivities  which  require  large  and  frequent 
control  deflections  to  control  and  maneuver  the  aircraft-  Low  sensitivities 
will  be  even  more  troublesome  when  high  force  gradients  are  preseot. 

High  control  sensitivities  tend  to  lead  to  problems  ox  overcontrolling 
and  PIO  because  of  the  difficulty  of  making  precise  control  inputs.  This 
situation  is  further  aggravated  when  coupled  with  low  force  gradients. 

In  addition  to  the  above  considerations,  the  desirable  level  of  control 
sensitivity  is  also  dependent  on  the  vehicle  dynamics  and  the  task.  The 
majority  of  the  data  pertinent  to  the  determination  of  allowable  control 
sensitivities  has  been  generated  for  rate  type  control  sys  terns,  that  is, 
vehicles  which  respond  to  steady  control  inputs  with  a  constant  rate  of  attitude 
change.  However,  a  few  experiments  have  considered  vehicles  whose  pitch 
and  roll  response  was  predominantly  that  of  an  attitude  system-  Generally, 
the  data  indicates  that  higher  control  sensitivities  are  acceptable  with  attitude 
systems  than  with  rate  systems.  Since  no  other" requirements  are  directed 
toward  specific  types  of  control  response  dynamics,  the  control  sensitivity 
requirements  have  been  written  to  encompass  the  range  of  dynamic  config¬ 
urations  which  have  been  investigated.  The  following  paragraphs  discuss 
the  data  base  for  the  specification. 


Spec iiication  Data  Base 

Rate  Systems 

An  early  in-flight  experiment  to  investigate  the  relationship  between 
angular  damping  and  control  sensitivity  is  described  in  Reference  61.  The 
test  vehicle  was  a  small  single  rotor  helicopter  with  a  gross  weight  of  3. 500 
pounds  modified  to  permit  variations  in  pitch,  roll,  and  yaw  angular  rate 
damping  and  control  sensitivity.  The  evaluations  included  both  VFR  and  IFR 
tasks  although  primary  emphasis  was  placed  on  1LS  approaches  under  blind 
flying  conditions  at  45  knots  airspeed.  While  quantitative  pilot  ratings  were 
not  used  in  this  experiment,  the  damping -sensitivity  combinations  tested 
were  identified  by  adjectives  ranging  from  desirable  to  unacceptable. 

Assuming  that  a  transfer  function  of  the  form 

(s)  =  — ; - 

S£S 

adequately  describes  the  short  term  attitude  response  of  this  aircraft,  the 
specification  requirements  can  be  represented  as  line  boundaries  in  the 
V^p1*  ne.  These  boundaries  are  compared  to  the  experimental  results 
in  Figure  1  (3.2.  3.2)  and  2  (3.2.  3.2).  For  the  pitch  and  roll  axes,  the 
specification  boundaries  appear  somewhat  overly  restrictive.  In  fact,  the 
Level  1  boundaries  closely  approximate  an  optimize  sensitivity  line  through 
the  data.  The  preference  for  low  sensitivities  in  these  axes  may  be 
attributable  to  the  tight  trimming  task  of  the  experiment.  In  the  yaw  axis, 
however,  the  specification  boundaries  bracket  the  acceptable  region  rea¬ 
sonably  well. 

Reference  38  describes  a  moving-base  (pitch  and  roll)  simulation 
experiment  to  establish  attitude  control  requirements  for  hovering  flight. 
Various  combinations  of  control  sensitivity  and  damping  were  investigated 
for  each  of %  the  three  axes,  one  at  a  time.  The  tasks  were  rapid  attitude 
changes  under  VFR  conditions.  In  addition,  a  limited  investigation  of  the 
effects  of  controlling  two  axes  simultaneously  (i.e.  ,  pitch-yaw  and  roll -yaw) 
was  conducted.  The  results  of  these  experiments  are  presented  in  Figures 

3  (3.  2.  3.  2)  and  4  (3.  2.  3.  2).  In  pitch  and  roll,  the  Level  1  specification 
boundaries  are  in  reasonable  agreement  with  the  experimental  boundaries 
for  the  more  realistic  two-axis  control  tasks.  The  yaw  results  of  Figure 

4  (3.  2.  3.2)  correlate  very  well  with  the  specification  boundaries. 

Figures  5(3.  2-  3-2)  and  o(3.  2.  3.  2),  based  on  data  of  Reference  39. 
present  the  results  of  a  handling  qualities  investigation  utilizing  the  X- 14 A, 
a  small  deflected  jet  V/STOL  aircraft.  The  evaluation  tasks  consisted  of 
holering  and  maneuvering. and  of  ground  effect  in  VFR  and  under  generally 
-calm  wind  conditions.  In  addition,  vertical  takeoffs  and  landings  were  per¬ 
formed.  The  test  aircraft  was  described  as  exhibiting  '  a  high  degree  of 
hovering  steadiness  and  an  insensitivity  to  gust  disturbances.  *  It  is  con¬ 
duced  in  Reference  39  that  the  low  levels  of  rate  damping  and  control 
sensitivity  found  satisfactory  were  attributable  to  the  gust  insensitivity  of 
the  lehicle. 
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trol  requirements  in  hover  is  described  in  Reference  60-  This  experiment 
utilized  "precision  maneuvering"  tasks  as  the  basis  for  evaluation  and  sas 
intended  to  fill  the  information  gap  between  the  tigit  trimming  tasks  of  Ref¬ 
erence  6 1  and  the  gross  maneuvering  tasks  of  Reference  38.  The  results 
are  compared  to  the  specification  boundaries  in  Figures  7(3.  2-3.  2)  through 
9(3.  2-  3.  2). 

An  investigation  of  the  effects  of  variations  in  control  power  and 
sensitivity  at  fixed  damping  levels  is  documented  in  Reference  54.  The  test 
vehicle  was  a  large  tandem  rotor  helicopter  with  a  model  following  variable 
stability  system.  Separate  sets  of  pilot  ratings  were  obtained  for  both 
precision  and  maneuvering  tasks.  These  results  are  presented  in  Figures 
10  (3. 2.3. 2!)  and  11  (3. 2.3. 2).  TT-«n  adequate  levels  of  control  power  were 
available,  the  pilots  tended  to  prefer  higher  minimum  sensitivities  for  the 
maneuver  tasks  than  for  the  precision  tasks.  The  specification  Level  1 
boundary  correlates  best  with  the  maneuver  task  data. 

A  large  single  rotor  helicopter  was  utilized  in  Reference  62  to  de¬ 
termine  control  sensitivity  and  camping  requirements  in  hover.  Both  visual 
and  instrument  tasks  were  performed  in  the  experiment.  The  visual  tasks 
consisted  of  hovering,  takeoffs  and  landings,  turns,  square  patterns  and 
point-to-point  translations.  The  simulated  instrument  tasks  were  hooded 
ILS  approaches  at  airspeeds  of  about  50  knots-  The  results  are  compared 
to  tbe  specification  Level  1  boundaries  in  Figures  12(3-2-  3.2)  and  13(3.2.3.2). 
In  both  pitch  and  roll,  the  boundaries  correlate  best  with  the  data  for  the  ILS 
tasks.  For  the  roll  axis  at  the  intermediate  camping  levels  tested,  the  speci¬ 
fication  is  somewhat  overlv  restrictive. 


Figure  14  (3.  2.3.2)  presents  pilot  opinion  data  for  the  yaw  axis 
derived  from  a  fixed-base  simulation  experiment,  described  in  Reference 
49.  The  data  exhibits  good  correlation  with  the  specification  boundaries. 

Attitude  Control  Systems 

Assigning  an  uncoupled  plunge  mode,  a  linearized  small  perturbation 
representation  of  a  V /STOL  in  hovering  flight  is  given  by 

jl  <si  - _ (*-*.)**„ 


If  the  derivative  is  zero  tbe  equation  simplifies  tec 
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For  this  case  the  requirements  of  this  specification  may  be  interpreted  as 
indicated  by  the  hatched  lines  in  Figure  15  (3.2.  3.2).  These  hatched  boun¬ 
daries  correspond  to  the  minimixn  and  ntaximun  control  sensitivities  re¬ 
quired  to  achieve  the  Level  1  pitch  attitude  responses  within  one  second  as 


2  t  unction  of  natural  frequency  for  a  damping  ratio  of  0.  3.  The  effect  of 
increasing  damping  ratio.  £  ,  is  to  increase  the  control  sensitivity  required 
at  a  given  frequency.  "Hie  magnitude  of  the  shift  for  a  damping  ratio  of  0.7 
is  illustrated  for  the  upper  Level  1  boundary  Li  Figure  15  (3.  2.  3.2). 

At  frequencies  less  than  about  3  radians /second,  it  can  be  seen  that 
the  boundaries  approach  lines  cf  z  instant  control  sensitivity-  At  frequencies 
above  3  radians /sec one'.,  the  n?n.Tian  pitch  attitude  response  has  been 
reached  in  less  than  one  second.  As  frequency  is  increased,  maintaining 
constant  Z  keeps  the  peak  attitude  constant-  The  dashed  carves 

indicate  the  control  sensitivity  which  would  be  required  to  achieve  the  re¬ 
quired  attitude  changes  at  one  second  rather  than  witiun  one  second. 

These  characteristics  are  at  least  qualitatively  correct  as  is  evi¬ 
denced  by  the  results  of  References  c3  and  o4  plotted  in  Figure  16(3-2-3.2). 
The  bend  taken  from  Reference  64  indicates  that  at  low  frequencies  the 
pilots’  preferred  control  sensitivities  approach  lines  of  constant  control 
sensitivity  while  at  larger  frequencies  (greater  than  about  3  radians /second} 
there  is  a  tendency  to  approach  lines  of  constant  attitude  response  per  inch 
of  control.  This  is  substantiated  by  the  lower  3-5  pilot  rating  boundary  of 
Reference  o5.  However,  the  upper  3-5  pilot  rating  curve  of  Reference  &3 
implies  that  there  is  a  maximum  satisfactory  control  sensitivity  independent 
of  frequency,  probably  due  to  over  controlling,  and  a  tendency  to  PIO. 

General  Case 


In  the  general  case  the  pitch  or  roll  attitude  response  of  a  V  iOL  at 
may  be  represented  by  an  equation  of  the  form; 
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The  influence  of  small  values  of  on  the  attitude  response  within 

one  second  is  small  and  will  be  neglected  in  the  subsequent  analysis.  Thus 
the  a s  sumed  transfer  function  has  the  form 
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’)(*z+  ZZelt*  ) 


The  effect  of  the  transfer  function  pole  at  s  =  -  2  on  the  specification  boun¬ 
ds  r:es  is  to  increase  the  required  control  sensitivity  at  all  f requeue  es  as 
illustrated  m  Figure  17(3.2.  3.  2). 

An  experiment  to  determine  the  influence  of  pitch  rate  damping,  M0  , 
control  sensitivity,  *"\5£s  ,  and  speed  stability,  9  ,  on  longitudinal 

handling  qualities  utilizing  a  tandem  rotor  helicopter  is  described  in 
Reference  4C  .  In  addition,  turbulence  of  6.  3  ft/second  RMS  and  a  mean 
wmd  of  about  15  knots  were  artificially  introduced  to  provide  realistic  dis¬ 
turbances  to  the  aircraft.  The  evaluations  consisted  of  precision  VFR 
hovering  tasks.  Figure  18  (3.2.  3.2)  presents  the  pilot  rating  boundaries 


■«  p 


obtained  for  speed  stability,  ,  equal  to  1.  13.  The  significant  differences 

between  these  and  previous  investigations  are  a  relatively  high  level  of 
minimum  damping  for  satisfactory  pilot  ratings  and,  for  constant  damping, 
relative  insensitivity  of  pilot  rating  to  large  increases  in  control  sensitivity. 

attitude  response  per  unit  control  input  is  dominated  by  the  parameters 
^  and  despite  the  high  speed  stability.  The  Level  1  response 

boundary  is  plotted  on  Figure  18  (3.2.  3.  2)  for  comparison  purposes.  The 
desire  for  higher  damping  at  high  levels  of  speed  stability  >s  attributable  to 
the  increased  gust  sensitivity.  Figure  19  (3.2.  3.2)  indicates  that  at  con¬ 
stant  control  sensitivity,  the  minimum  satisfactory  damping  level  reduces 
markedly  with  decreased  Mf^g  . 

The  high  control  sensitivities  found  satisfactory  in  this  experiment 
are  probably  attributable  to  a  combination  of  minimizing  the  stick  deflection 
required  for  trimming  in  steady  winds  and  maintaining  reasonable  control¬ 
lability  in  the  presence  of  high  gust  sensitivity  due  to  M  g  . 

The  bulk  of  the  data  from  which  the  present  yaw  response  require¬ 
ment  was  derived  comes  from  Reference  48  in  which  hover  experiments  were 
performed  in  a  small  variable  stability  helicopter  r»«;ing  simulated  turbulence 
and  steady  winds.  For  four  values  of  My ,  the  control  sensitivity  damping 
plane  was  explored  and  pilot  ratings  obtained.  Figures  20  (3.2.  3.2)  to  23 
(3.2. 3.2)  present  the  results  of  these  experiments.  The  primary  effect  of 
weathercock  stability,  M-y~  ,  appears  to  be  an  increase  in  the  level  of 
minimum  damping  required  for  satisfactory  handling  qualities.  This  is 
probably  due  to  the  increased  gust  sensitivity  at  high  levels  of  Mr  . 

Reference  34  describes  a  moving-base  simulator  experiment  in  which 
VFR  hovering  and  low  speed  tasks  were  performed.  The  evaluation  flights 
consisted  of  hovering  in  steady  winds  and  turbulence,  flying  square  patterns, 
and  hovering  turns.  For  each  dynamic  configuration  tested,  the  pilots 
selected  the  control  sensitivities  which  they  felt  were  most  compatible  with 
the  mission  requirements  and  vehicle  dynamics.  Figures  24  (3.  2. 3-2) 
through  27  (3.  2.  3- 2)  illustrate  the  correlation  of  the  pilot  selected  control 
sensitivities  with  the  specification  Level  1  requirements  for  the  pitch  and 
roll  axes.  The  data  points  and  their  corresponding  Level  1  boundaries  have 
been  grouped  according  to  the  value  of  l  .  The  boundaries  are  shown  as 
double  lines  corresponding  to  the  minimum  and  maximum  values  of  damping 
ratio,  $  ,  in  each  set  of  points.  It  is  observed  that  the  variation  in  selected 

sensitivities  between  pilots  may  vary  by  4  or  5  to  1,  while  a  given  pilot  may 
vary  his  selection  by  as  much  as  2  to  1. 

A  fixed-base  ground  simulator  was  utilized  in  the  experiments  de¬ 
scribed  in  Reference  35-  Figure  28  (3.2.  3.2)  compares  the  pilot-selected 
control  sensitivities  from  this  experiment  with  the  specification  minimum 
Level  1  pitch  axis  boundaries.  In  relation  to  the  previous  data,  the  pilots 
o:  this  simulation  have  tended  to  select  sensitivities  close  to  die  minimum. 
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Ir.  the  simulations  of  Reference  34.  a  series  of  tests  was  conducted 
coniig -rations  having  predominantly  attitude  type  control  systems  with 
4-0.7.  In  these  tests  the  pilots  were  asked  to  rate  given  dynamic  config¬ 
urations  wjtr.  sensitivities  ranging  from  0.3  to  6.075  radians /sec*-inch. 

At  the  highest  sensitivities,  control  was  extremely  difficult  and  generally 
achieved  ratings  on  the  Cooper -Ha rper  scale  of  8  or  greater  as  shown  in 
Figures  2Q  {3.2.  3.2)  and  30  (  3.  2.  3.  2).  These  configurations  are  excluded 
by  the  Level  3  boundaries. 

Little  systematic  data  exist  for  configurations  with  natural  frequen¬ 
cies  above  3  or  4  radians  per  second.  However,  one  recent  source  of  such 
data  is  contained  in  Reference  3c-  Contrary  to  the  results  of  References 
’-3  and  r4,  the  pilot-selected  control  sensitivities  at  high  frequencies  (larger 
than  3  radians/second)  do  not  tend  to  produce  constant  attitude  response  per 
inch  of  stick  bui  rather  tend  to  continue  to  follow  lines  of  constant  control 
sensitivity,  as  shown  in  Figure  31  (3.2.  3.  2).  However,  pilot  comments 
indicate  that  at  low  frequencies,  the  pilots  selected  control  sensitivity  on 
tne  basis  of  maneuverability  while  at  higher  frequencies  the  trim  character¬ 
istics  determined  their  selection.  There  are  no  comments  regarding  the 
loss  m  maneuverability  but  for  the  highest  frequencies  shown  in  Figure 
31  i3.2.  3.2)  the  steady-state  attitude  response  per  inch  of  stick  is  of  the 
order  of  one  or  two  degrees.  Until  further  substantiating  data  is  available, 
it  is  considered  that  no  change  in  the  specification  is  warranted  to  accom- 
-r.&date  the  above  results. 
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Figure  7  (3-23.2)  BASIC  DAMPING  AMD  CONTROL  SENSITIVITY  BOUNDARIES 
(BASED  ON  DATA  OF  REFERENCE  60) 
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Flgurn  14  (3, 2.3.2)  YAW  SENSITIVITY-DAMPING  BOUNDARIES  (DATA  FROM  REF.  49) 


Flfluro  16  (3, 2.3.2)  PILOT  PREFERRED  CONTROL  SENSITIVITY  AS  A  FUNCTION  OF  NATURAL  FREQUENCY 
(DATA  FROM  REFERENCES  63  AND  64) 
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Flaura  24(3.2.3.2)  COMPARISON  OF  PILOT-SELECTED  CONTROL  8ENS1TIVITIES  WITH 
LEVEL  1  PITCH  AXI8  BOUNDARIES  (DATA  FROM  REF.  34) 


. . •*  jim  iwwp  *j«;i<juv*iuiii>kiP«m»iA\jjm!l!MIUllVfflyil*fl!Vfff*JllP*- IPIII|1HH*P«|I1»IWPMWHII»  (AiHMU'i'i'W 


COMPARISON  OF  FIXED  BASE  SIMULATOR  DATA  WITH  SPECIFICATION 
BOUNDARIES  (BASED  ON  DATA  OF  REF,  35) 
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3.  2.  3.  3  MANEUVERING  CONTROL  MARGINS 
REQUIREMENT 

3-  Z*  3'3  Maneuvering  control  margins.  When  automatic  stabilization  and 
control  equipment  or  devices  are  used  to  overcome  an  aperiodic  instability  of 
the  basic  aircraft,  both  the  magnitude  of  the  instability  and  the  inctalM  con¬ 
trol  power  shaH  be  such  that  at  least  50  percent  of  the  nominal  control  moment 
can  be  commanded  by  the  pilot  in  the  critical  direction  through  the  use  of  the 
cockpit  controls.  This  requirement  appUes  throughout  the  Service  Flicht 
Envelope  within  ±  15  knots  TAS  of  the  trim  speed. 

DISCUSSION 


When  an  automatic  device  is  utilized  to  overcome  an  aperiodic  insta 
bilxty  of  the  basic  aircraft,  there  exists  a  possibility  of  being  unable  to  re¬ 
cover  the  aircraft  during  maneuvering.  This  occurs  because  the  augmenta¬ 
tion  device  tends  to  use  control  power  in  the  recovery  direction  to  stabilize 
the  unstable  root.  When  such  a  situation  exists,  this  requirement  demands 
tnat  throughout  the  Service  Flight  Envelope  the  authority  of  the  device  be 
such  that  at  least  50  percent  of  the  nominal  control  moment  is  available  to 
the  pilot  in  the  recovery  direction.  Fifteen  knots  is  considered  to  be  a  rea¬ 
sonable  speed  range  about  the  trim  speed  for  maneuvering  without  imposing 
unreasonable  limits  on  augmentation  system  authority. 

The  requirement  is  intended  to  apply  at  all  achievable  combinations 
of  flight  conditions  within  the  Service  Flight  Envelope,  including  climbing  and 
descending  flight  ana  maneuvering. 
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3.  2.  4  CONTROL  LAGS 


REQUIREMENT 

3-2.4  Control  lags-  Starting  from  trimmed  hovering  or  low-speed  flight, 
the  angular  arrplpratjon  response  in  the  commanded  direction  shall  be  devel¬ 
oped  within  0-  1  seconds  after  the  initiation  of  step  displacements  of  the  pitch, 
roll  and  yaw  cockpit  controls-  In  addition,  the  initial  maximum  angular  ac¬ 
celeration  shall  be  achieved  within  0-  3  seconds  after  the  initiation  of  the 
cockpit  control  command.  These  requirements  apply  for  input  amplitudes  of 
up  to  0.  5  inches  - 

DISCUSSION 

Both  the  helicopter  (MIL-H-8501A)  and  airplane  (MIL—  E-8785B) 
flying  qualities  specifications.  References  15  and  10,  recognize  that  some 
limitation  of  control  lags  is  required  to  prevent  serious  degradation  of 
handling  qualities.  The  helicopter  specification  (paragraph  3.  2.  9)  requires, 
that,  following  control  inputs  in  pitch,  roll  or  yaw,  an  angular  acceleration 
response  in  the  proper  direction  shall  be  developed  within  0.  2  seconds 
following  the  control  input.  This  is  essentially  a  restriction  of  pure  trans¬ 
port  time  delays  but  places  no  limit  on  first  or  higher  order  lags  in  the  con¬ 
trol  system- 

The  airplane  specification  approaches  the  problem  of  control  system 
lags  by  limiting  the  phase  lag  between  the  cockpit  control  force  and  the 
deflection  of  the  appropriate  aerodynamic  surface  at  frequencies  up  to  the 
aircraft  short  period  for  pitch  and  the  greater  of  the  Dutch  roll  or  the  in¬ 
verse  of  the  roll  mode  time  constant  for  roll  and  yaw. 

The  specification  of  control  lags  in  terms  of  control  surface  response 
may  not  be  satisfactory  for  V/STOL  aircraft  in  die  hovering  and  low  speed 
flight  regime  since  some  of  these  aircraft  will  derive  moment  control 
through  jet  reaction  devices.  Thus,  the  appropriate  control  surface  may  be 
a  valve  or  a  divider  in  a  duct  or  pipe.  Limiting  lags  between  die  cockpit 
control  and  die  control  surface  may  not  ensure  good  vehicle  response  char¬ 
acteristics  in  these  cases  because  of  inherent  aerodynamic  lags  downstream 
of  the  control  surface. 

Since  pilots  cannot  readily  separate  the  effects  of  control  system 
dynamics  from  the  inherent  or  augmented  vehicle  dynamics,  it  would  be  most 
desirable  to  include  the  specification  of  control  system  lags  in  an  overall 
requirement  or  criterion  for  the  characteristics  of  vehicle  response  to  con¬ 
trol  inputs.  This  specification  should  also  include  the  effect  of  force  feel 
system  dynamics. 
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A  recent  flight  test  program,  described  in  Reference  65,  was  directed 
to  gathering  and  analyzing  data  to  develop  such  a  criterion-  In  this  exper¬ 
iment,  a  series  of  aircraft  short  period  and  control  system  dynamics  was 
evaluated  in  a  variable  stability  aircraft  while  performing  tasks  simulating 
the  combat  phase  of  a  fighter's  mission.  A  closed-loop  analysis  was  used  to 
determine  the  compensation  required  in  a  pilot  model  to  meet  certain  perfor¬ 
mance  criteria  and  this  compensation  was  correlated  with  pilot  ratings. 

It  is  not  intended  to  imply  that  closed-loop  methods  are  the  only  tech¬ 
niques  to  be  considered  in  developing  control  response  criteria,  but  rather 
that  additional  effort  should  be  directed  to  developing  criteria  which  con¬ 
sider  all  the  pertinent  factors  in  a  cohesive  and  unified  manner. 

The  data  presently  available  pertinent  to  the  low  speed  and  hovering 
flight  regime  generally  consider  relatively  simple  aircraft  and  control 
system  dynamics.  No  information  is  presented  regarding  force  feel  system 
dynamics, thus  precluding  analyses  of  the  type  described  above. 

Both  simulator  and  flight  test  data  indicate  that  aircraft  with  better 
inherent  dynamics  can  tolerate  larger  control  system  lags  than  vehicles  with 
poorer  dynamics.  Consider,  for  example,  the  data  of  Figure  1  (3.  2.  4)  ob¬ 
tained  with  a  small  variable  stability  single  rotor  helicopter. 

Configuration  1  has  pitch  damping  of  -2.5  sec  - 1  and  the  basic  air¬ 
craft  is  given  a  pilot  rating  of  2.5.  Increasing  the  control  system  lag  by 
0.  4  seconds  results  in  a  slight  pilot  rating  degradation  to  3.  5-  Configura¬ 
tion  2  has  zero  angular  rate  damping  and  the  basic  configuration  is  rated 
4.  0.  A  similar  increase  in  control  lag  for  this  vehicle  results  in  a  pilot 
rating  of  7.  5.  Clearly  the  degradation  of  pilot  rating  with  lag  is  highly  depen¬ 
dent  on  the  inherent  vehicle  dynamics,  in  this  case  characterized  by  the 
damping  of  the  basic  configuration.  Because  pilot  rating  degradation  with 
lag  is  greatest  for  vehicles  with  poor  dynamic  characteristics,  a  single  lag 
criterion  has  been  specified,  regardless  of  the  level  of  flying  qualities  ex¬ 
hibited  by  other  vehicle  characteristics.  The  lag  specification  was  derived 
to  minimize  the  degradation  of  flying  qualities  of  vehicles  which,  without 
lags,  would  exhibit  Level  1  dynamic  characteristics.  It  is  recognized, 
however,  that  the  degradation  of  flying  qualities  may  be  more  severe  when 
the  allowed  lags  are  applied  to  vehicles  with  Level  2  and  3  characteristics. 

An  additional  » _ -is  train!  is  the  limitation  of  transport  type  lags  to 

0.  1  second  following  initiation  of  the  control  input-  Little  data  exist  for 
systems  with  combinations  of  transport  and  first-order  lags.  However, 
Figure  2  (3.2.4)  indicates  that  even  for  a  well  damped  system,  the  deteri¬ 
oration  in  pilot  rating  with  increases  transport  lag  is  immediate  and  rapid, 
while  for  a  first-order  lag  the  gradient  is  nearly  zero. 

Specifying  the  lag  in  terms  of  the  time  to  reach  a  peak  acceleration 
response  provides  a  performance  index  which  is  readily  obtainable  from 
flight  test  data  and,  in  addition,  permits  larger  lags  with  increased  angular 
rate  damping.  Figure  3  (3.2.4)  illustrates  the  variation  in  time  to  peak 
acceleration  as  a  function  of  first-order  control  system  lag  and  rate  damping 
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A  recent  fixed-base  simulation  program  {Reference  36)  investigated 
the  effects  of  lags  in  the  control  system  with  varying  levels  of  pitch  damping. 
A  block  diagram  of  the  simulated  aircraft  is  shown  in  Figure  4  (3.2.4).  At 
each  level  of  pitch  damping  {  ^  =  -  1,  -3,  -6),  as  the  lag  was  increased, 
the  pilot  rating  degraded.  Lines  of  constant  pilot  rating  were  derived  as 
functions  of  time  to  peak  acceleration  response  following  step  control  in¬ 
puts  and  pitch  damping  ^Figure  5  (3 .2.40  .  A  time  to  peak  acceleration 
response  of  0.  3  seconds  correlates  reasonably  well  with  the  3-  5  pilot 
rating  boundary  except  at  the  lowest  levels  of  damping  tested. 

Although  test  data  from  earlier  operational  or  research  VTQL  air¬ 
craft  are  extremely  scarce.  Reference  66  documents  a  flight  test  program  in 
which  the  required  parameter  was  measured.  Figure  6  (3.2.4)  shows  plots 
of  the  time  to  maximum  acceleration  response  from  tests  on  the  XV- 5 A  air¬ 
craft  in  various  hovering  flight  configurations-  The  quality  of  the  step  con¬ 
trol  input  is  not  documented  but  the  text  of  the  report  states  that  the  control 
inputs  were  made  manually  without  a  jig.  The  scatter  observed  in  the  data 
probably  reflects  the  manner  in  which  the  manual  control  input  was  made. 
However,  the  average  time  to  peak  acceleration  is  of  fee  order  of  0.  3  to 
0.4  seconds  while  fee  minimum  time  is  about  0.2  seconds.  No  direct  cor¬ 
relation  of  fee  control  system  lag  characteristics  wife  pilot  rating  is 
possible  but  it  is  stated  feat  the  overall  Handling  qualities  in  hover  received 
a  pilot  rating  of  3-  This  pilot  rating  indicates  feat  fee  level  of  lags  present 
were  at  least  satisfactory.  Further,  the  data  indicate  that  these  rates  of 
response  to  control  inputs  are  not  unrealistic  design  objectives. 

There  is  a  lack  of  systematic  data  concerning  fee  effects  of  lags  on 
VTOL  aircraft  >dth  attitude  stabilized  or  higher  order  dynamic  systems. 

A  flight  test  program  (Reference  67),  in  which  a  variable  stability  aircraft 
was  utilized  to  investigate  the  effects  of  control  system  dynamics  in  fighter 
aircraft  in  up-and-away  flight  and  in  fee  landing  approach,  lends  support  to 
the  chosen  lag  criterion.  Figures  7(3.  2.  4)  and  8(3.  2.  4)  illustrate  the 
degradation  in  pilot  rating  as  the  time  to  achieve  the  peak  acceleration  re¬ 
sponse  increases-  Generally  fee  data  suggest  that  increasing  system 
natural  frequency  and  reducing  the  damping  ratio  makes  fee  vehicle  more 
sensitive  to  control  system  lags.  Using  0.  3  seconds  as  the  maximum 
allowable  time  eliminates  most  of  the  configurations  which  received  unsat¬ 
isfactory  ratings  while  accepting  fee  satisfactory  configurations.  Only  in 
the  case  of  the  landing  approach  configuration  (LA),  Figure  8(3.  Z.  4),  does 
the  criterion  appear  overly  restrictive. 
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3.2.5 _ VERTICAL  FLIGHT  CHARACTERISTICS 

3.  2.  5,  1  HEIGHT  CONTROL  POWER 

REQUIREMENT 

3.2.5  Vertical  flight  characteristics.  The  requirements  of  3.  2.  5.1 
through  3. 2.  5.  3  are  applicable  to  ascending  or  descending  flight  with  air¬ 
speeds  up  to  35  knots  TAS.  They  shall  be  met  while  maintaining  in  reserve 
the  attitude  control  power  called  for  in  3.  2.  3.  1. 

3. 2.  5.  1  Height  control  power.  Starting  from  a  steady  descent  rate  of  not 
greater  than  4  feet  per  second,  sufficient  height  control  power  shall  be  avail¬ 
able  to  prodix.  oward  vertical  accelerations  of  not  less  than  those  specified 
in  table  VI  folio"  ing  an  abrupt  step  input  of  the  thrust  magnitude  control. 

In  any  case,  the  steady  state  thrust- to- weight  ratio  available,  T/ W,  shall  not 
be  less  than  that  specified  in  table  VL 


TABLE  VL  Height  Control  Power  Requirements 


Level 

Incremental 

Vertical  Acceleration, 
g’s 

T/W 

1 

0.  10 

1.05 

2 

0.05 

1.02 

3 

1.01 

DISCUSSION 

The  requirements  for  height  control  power  are  based  on  the  exper¬ 
imental  data  shown  in  Figure  1  {3.2.  5).  These  data,  which  come  from 
References  69  to  72,  indicate  that  at  high  damping  levels,  the  pilot  rating 
boundaries  are  reasonably  matched  by  a  constant  T / W  ratio.  However,  at 
iow  vertical  damping  levels  (-2^-  <  -  4),  the  pilot  rating  data  show  that  reduced 
damping  requires  increased  T/W  ratios  for  acceptable  handling  qualities. 

F  rctn  a  handling  qualities  standpoint,  it  is  important  that  this  corner  in  the 
2^  vs.  T/W  ratio  plane  be  defined,  since  many  existing  VTOL  aircraft  lie 
in  this  region  of  low  vertical  dam  pin  g- 


On  Figure  1  (3.2.5),  the  general  disposition  of  ratings  and  the  char¬ 
acter  of  the  iso-opinion  curves  r  u  'gest  that  requirement  boundaries  should 
be  drawn  like  those  indicated  in  tne  following  sketch. 
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Th.e  vertical  portions  of  the  boundaries  so  sketched  offer  no  problem  in 
stating  requirements  since  they  represent  constant  values  oi  T/W.  For  a 
given  Level,  the  values  of  T/W  on  the  vertical  portions  of  the  boundaries  in 
the  above  sketch  are  less  than  the  value  of  T /  W  in  the  sloping  portion.  Hence 
the  vertical  portions  represent  absolute  minim ixns  of  T/W.  For  Levels  1 
and  2,  the  values  selected  for  the  requirement  were  based  on  Figure  1(3.2.  5). 
For  Level  3,  tk'i  value  selected  was  arbitrary. 

The  method  by  which  3.  2.  5.  1  accounts  for  the  sloping  portions  of  the 
boundaries  is  explained  in  terms  of  the  following  trim  equation: 

*7  2^  -T -t  W  ~d 

This  equation  gives  the  ha  lance  of  forces  in  steady  vertical  motion  with  ve¬ 
locity  -  It  is  important  to  mention  that  the  term  represents 

the  aerodynamic  damping  forces  anti  not  any  damping  that  might  come  frcm  a 
thrust  SAS  loop.  (Vertical  damping  forces  due  to  thrust  SAS  are  already 
included  in  the  T-term. ) 

Ii  we  write  the  above  equation  in  the  form 


then  we  have  the  equation  for  straight  lines  in  the  vs  T/W  plane  passing 
through  the  porn-  (  .  T/W)  =  0,  1)  and  having  a  slope  -  For  positive 

*s»  which  represent  descents,  a  typical  graph  appears  as  in  the  following 
SKetch. 


r/w 


It  was  considered  that  die  line  representing  =  4  ft/  sec  was  an 
adequate  choice  in  terms  of  being  parallel  to  the  sloping  straight  line 
boundaries  shown  in  the  first  sketch.  Figure  2  (3.2.5),  which  is  identical 
in  part  with  Figure  1  (3.2.5),  shows  this.  Lines  2,  and  2.  are  parallel  to 
the  line  labeled  -  4  ft/  sec. 

The  horizontal  distance  between  the  *£,  =  4  ft/sec  line  and  the 
line  Zy  represents  a  constant  increment  in  T/W  independo -tly  of  j 

similarly  for  Ax  -  This  feature  is  the  basis  for  the  wording  of  3.2.5.  1 
except  that  3.  2.5.  1  refers  to  incremental  vertical  acceleration  in  g’s  rather 
than  incremental  T/W. 


Although  the  use  of  a  4  ft/sec  descent  rate  is  somewhat  of  an  expe¬ 
dient,  it  facilitated  the  writing  of  the  requirement  in  what  are  considered 
to  be  simple  yet  meaningful  terms. 

Now  it  could  be  argued  that  although  the  requirements  appear  to  be 
consistent  with  the  data  base,  they  really  may  not  be  because  other  details 
which  may  be  important  are  not  specified  in  fee  data  base.  To  expand  on 
this,  consider  the  following  situation. 

We  are  given  two  airplanes,  say  airplane  A  and  airplane  B.  Suppose 
A  has  zero  aerodynamic  damping  bat  a  ^  =-l  created  by  SAS.  Suppose 
airplane  B  has  zero  SAS  damping  but  an  aerodynamic  -  I.  Thus  both 

A  and  B  have  the  same  total  damping.  In  a  4  ft/sec  descent,  ai.plane  A 
would  be  trimmed  at  point  A  and  airplane  B  at  point  B  in  the  following  sketch. 


To  meet  Level  1,  airplane  A  needs  T/W  =  1.  10  while  B  needs  1.05.  Thus 
it  appeals  that  airplane  A  is  being  penalized  simply  for  having  no  natural  or 
aerodynamic  damping.  It  could  be  argued  that  since  the  total  damping  is  the 
same  for  both  airplanes,  they  should  both  meet  the  same  T/W  requirements. 
Note  that  airplane  A  will  have  an  incremental  T/W  capability  of  0.  10  at  any 
steady  descent  or  climb  rate.  Airplane  B  will  have  an  incremental  T /W' 
capability  of  0.05  at  zero  descent  rate  and  0.  175  at  4  ft/sec  descent  rate; 
it  will  have  zero  incremental  T/W  capability  at  a  steady  climb  rate  of  1.6 
ft/sec. 


A  particularly  important  thing  to  consider  is  that  the  pilot  of  airplane 
A  may  be  unaware  that  his  height  control  power  is  limited  to  this  constant 
value  because  his  cockpit  control  position  is  not  necessarily  an  indicator  of 
the  available  control.  For  example,  suppose  airplane  A  is  hovering  ac-j  the 
pilot  decides  to  establish  a  descent  rate,  say  ufj  ,  by  applying  a  step  throttle 
command.  The  sketch  below  shows  the  cockpit  input  and  the  transient  in 
the  thrust. 
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A  ter  the  transient  has  decayed,  the  thrust  is  still  equal  to  the  weight. 
However  the  control  position  is  lower  than  it  was  at  hover.  Now  suppose 
the  process  is  *  *peated  only  that  a  higher  descent  rate,  say  w*  »  is 
established.  T»  s  is  indicated  by  the  dashed  lines.  Again,  after  the  tran¬ 
sient  has  decayed,  the  thrust  is  equal  to  the  weight.  But  the  control  position 
is  now  even  lower  than  it  was  for  the  descent  rate  .  In  both  instances 

the  amount  ol  thrust  that  can  be  developed  to  arrest  the  descents  is  the  same 
even  though  the  cockpit  control  positions  are  different.  Basically, 
phenomenon  is  caused  by  the  fact  that  the  thrust  is  being  controlled  by  two 
sources  -  the  pilot  and  the  SAS. 

On  the  other  hand,  airplane  B*s  incremental  T/W  capability  varies 
with  descent  rate:  at  zero  descent  rate,  this  airplane  would  develop  an  incre¬ 
mental  T/W  of  .05;  at  a  4  ft/sec  descent  rate  the  T/W  incremental  capability 
would  be  0.  17n.  Not  only  does  this  capability  increase  with  higher  descent 
rates,  but  the  cockpit  control  position  now  does  provide  the  pilot  with  a  true 
measure  of  the  vertical  control  power  that  he  can  apply  to  arrest  a  descent 
rate. 

If  both  airplane  A  and  airplane  B  just  satisfy  Level  1  requirements, 
then  A  would  have  a  larger  descent  arresting  capability  but  only  for  descent 
rates  up  to  about  1.6  ft/s ec,  but  aircraft  B  could  arrest  greater  rates  of 
descent  more  quickly. 

apparent  that  further  research  on  height  control  is  needed  par¬ 
ticularly  with  regard  to  the  following  items. 

^  -  The  amount  of  thrust  a  pilot  actually  uses  during  stabilizing 
and  vertical  maneuvering.  There  is  a  direct  analogy  here 
with  the  status  of  the  available  data  base  for  pitch,  roll  and 
yaw  control  power  usage. 

The  kind  of  mathematical  model  and  validity  of  assumptions 
to  use  in  analyzing  experimental  data.  For  example,  the 
discussion  above  indicates  that  even  with  a  simple  single— 
degree-of-freedom  model,  it  is  possible  to  follow  different 
lines  of  reasoning  depending  on  the  mechanism  by  which 
height  damping  is  developed. 
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3.  2.  5.  2  THRUST  MAGNITUDE  CONTROL  LAGS 
REQUIREMENT 

3*  5.  2  Thrust  magnitude  control  lags.  The  following  requirements  shall 

be  satisfied  following  an  abrupt  step  input  of  the  thrust  magnitude  control 
from  the  nominal  setting  corresponding  to  a  steady  descent  rate  of  between 
5  and  10  feet  per  second. 

Level  1;  It  shall  be  possible  to  achieve  63  percent  of  a  commanded  incre¬ 
mental  thrust  of  at  least  0.  05W  in  not  more  than  0.  3  seconds. 

Level  2c  It  shall  be  possible  to  achieve  63  percent  of  a  commanded  incre¬ 
mental  thrust  of  at  least  0.02W  in  not  more  than  0.6  seconds. 

Level  3 :  It  shall  be  possible  to  achieve  63  percent  of  a  commanded  incre¬ 
mental  thrust  of  at  least  0.  01W  in  not  more  than  0.6  seconds. 

DISCUSSION 

Experimental  evidence  shows  that  the  effect  of  increasing  time  lags 
between  pilot  inputs  and  commanded  thrust  levels  is  to  cause  a  deterioration 
of  pilot  ratings.  For  the  range  of  time  lags  investigated  (0  to  about  2.5 
seconds),  the  variation  of  rating  with  lags  as  well  as  the  absolute  ratings 
depend  on  other  characteristics  of  the  height  control  system  such  as  T/W 
and  j^r  .  It  has  been  shown  that  the  rate  of  deterioration  is  greater  for 
the  high  T/W  cases  than  the  low  T/W  ones.  This  phenomenon  stems  largely 
from  the  fact  that  there  is  little  control  margin  to  permit  much  over¬ 
controlling  in  the  low  T/W  case*,  regardless  of  the  magnitude  of  delay. 

Also,  at  low  T/W,  the  pilot  is  limited  to  much  slower  maneuvering,  which 
minimizes  the  tendency  to  overshoot  and  the  subsequent  tendency  toward 
PIO's.  This  result  should  not  be  construed  as  advocating  a  reduction  in 
maximum  T/W  to  cure  control  problems  resulting  from  a  control  system 
delay.  Rather,  the  pilot  is  limited  to  the  use  of  smaller  and  more  deliberate 
control  motions  when  a  great  deal  of  precision  is  required.  Results  also 
indicate  that  increased  damping  is  highly  beneficial  in  enabling  the  pilot  to 
cope  with  the  delay. 

A  particularly  pertinent  experiment  is  described  in  Reference  71, 
wherein  the  pilots  of  the  simulator  were  asked  to  maintain  a  constant  altitude 
with  control  power  of  1.  15  g,  =  0,  g/inch.  The  time  lag 

was  then  increased  from  0.07  to  2. 4  seconds  while  the  pilots  commented  on 
their  ability  and  difficulty  in  achieving  the  aims  of  MLL-H-8501A,  i.  e.  ,  hold 
height  ±  1  ft  with  1/2  inch  or  less  of  control  motion.  A  noticeable  decrease 
in  hovering  steadiness  was  observed  as  the  time  constant  was  increased  to 
0.3  seconds;  the  pilot  rating  deteriorated  from  2.  5  to  3.5.  Overcontrolling 
was  evident  at  0.  6  seconds,  where  the  pilot  rating  had  decreased  to  4.  5- 
At  1  second,  the  pilot  rating  was  6.5  and  at  2.4  seconds,  9-5  and  was  con¬ 
sidered  too  dangerous  for  actual  flight  because  of  large  excursions  in 
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altitude.  The  referenced  helicopter  specifications  were  not  met  above  0.6 
seconds.  Figure  1  (3.Z.  5.  2)  from  Reference  71  depicts  this  degradation. 

In  Reference  72  (in-flight),  similar  results  were  obtained.  The  pre¬ 
sence  of  a  time  delay  was  considered  to  be  most  objectionable  during  the 
landing  attempts,  which,  being  a  precision  task,  normally  requires  the  pilot 
to  increase  his  control  activity  as  wheel  height  is  reduced.  For  first-order 
lags  greater  than  0.  5  seconds,  the  pilot  found  it  necessary  to  alter  his  nor¬ 
mal  control  technique  for  landing  in  order  to  reduce  overcontrolling  to  a 
point  where  a  reasonably  safe  touchdown  could  be  made.  Two  of  these  tech¬ 
niques  are  described  in  Reference  72.  However,  it  was  considered  unlikely 
that  such  techniques  would  be  as  beneficial  when  coupled  with  the  kind  of 
ground  effect  disturbances  experienced  by  many  VTOL/s. 

The  separate  effects  of  a  first-order  time  lag  between  the  pilot’s  input 
and  the  commanded  thrust  increment,  and  the  first-order  response  in  vertical 
velocity  of  die  vehicle,  are  not  always  discernible  to  the  pilot,  nor  are  they 
easily  separated  in  flight  testing.  The  reason  for  rtiU  is  apparent  if  we 
asstxne  that  die  following  transfer  function  is  a  satisfactory  model  of  the 
combined  airframe-control  system  dynamics. 

hh)  _  % 

s*b> 

In  Reference  36,  the  closed-loop  height  control  task  was  investigated  both 
analytically  and  expe rim en tally  on  a  fixed-base  simulator.  Various  combina¬ 
tions  of  height  damping  and  thrust  control  lag  were  studied  under  the  con¬ 
ditions  where  the  sensitivity  was  selected  by  the  pilot-  In  the  analysis,  a 
simple  pilot  model  and  loop  closure  were  used  as  follows. 


PILOT  MODEL  AHtatAFT  MODEL 


There  are  a  number  of  pairs  {  ,  Z^  )  that  will  result  in  a  given 

loop  closure  as  defined  by  values  of  crossover  frequency,  urc  ,  and  phase 
margin,  .  Reference  36  showed  that  these  same  pairs  will  result  in  a 

constant  phase  lag  when  excited  at  the  crossover  frequency,  i.  e. ,  the  phase 
angle  of  the  h  / 5^  transfer  function  evaluated  at  *s  a  constant  for 

all  these  pairs.  Figure  2  (3.  2.  5.  2)  shows  three  loci  of  these  pairs.  Each 
locus  is  for  a  different  loop  closure  criterion  as  indicated  on  the  figure.  The 
interesting  thing  is  that  all  three  loci  lie  quite  close  to  one  another.  They 
essentially  divide  the  control  lag-damping  plane  into  two  regions  which 
separate  satisfactory  and  unsatisfactory  configurations.  This  result  indicates 
the  possibility  of  establishing  flying  qualities  requirements  in  terms  of  phase 
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lag  as  a  function  of  frequency-  With  such  an  approach  it  would  be  possible  to 
account  for  both  lag  and  damping  effects  on  pilot  opinion*  and  provide  for  a 
reasonable  means  for  demonstrating  flight  compliance.  Such  a  criterion  was 
suggested  in  Reference  36  and  is  shown  in  Figure  3(3.2.  5.2). 

Since  it  was  felt  that  the  phase  lag  approach  needs  further  experimen¬ 
tal  substantiation  it  was  not  used  in  formulating  3.  2.  5.2.  For  example,  all 
the  satisfactory  data  points  on  Figure  3(3.  2.  5.2)  have  zero  lag.  The  time 
constants  selected  for  the  requirement  are  based  on  the  data  of  References 
71  and  72. 

Comments  received  during  review  cycles  of  early  versions  of  the  pro¬ 
posed  specification  (which  specified  only  the  time  constants)  indicated  that 
the  importance  of  nonlinear  thrust  characteristics  of  engines  should  be  recog¬ 
nized  in  formulating  height  control  response  criteria.  It  is  not  realistic  to 
expect  fast  response  times  for  the  complete  usable  range  of  engine  operating 
conditions.  However,  it  is  apparently  possible  to  equip  power  plants  so  that 
relatively  small  thrust  changes  can  be  made  in  a  short  time.  In  other  words 
at  some  given  operating  point  or  for  a  restricted  range  about  this  operating 
point,  it  would  be  possible  to  have  the  land  of  response  times,  say  .  3  to 
.  6  seconds,  as  indicated  to  be  desirable  by  some  of  die  experimental  handling 
qualities  data.  In  paragraph  3. 2.  5.  2  the  range  of  initial  descent  rates  and 
the  values  of  commanded  incremental  thrust  are  considered  to  define 
operationally  realistic  "local*  conditions  under  which  thrust  control  response 
times  have  important  effects  on  mission  or  task  accomplishment. 
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VARIATION  OF  PILOT  RATING  WITH  FIRST-ORDER  TNE  CONSTANT  FOR 
A  CONSTANT  ALTITUDE  HOVERING  TASK.  (REFERENCE  71) 


HE tCHl  VELOCITY  DAMPING,  Zw~  SEC 

Figure  2  (3L2-5.2)  COMPARISON  OF  FLIGHT  SIMULATOR  DATA  WITH 
CLOSED-LOOP  MODEL  PREDICTION  OF  THE  EFFECT 
OF  CONTROL  LAG  ON  REQUIRED  FOR  SATISFACTORY 
HEIGHT  HANDLING  QUALITIES.  (FROM  HfrERENCE  36} 


PHASE  ANGLE  OF  *1*  *  DIO 


S 


HEIGHT  CONTROL  FREQUENCY,  cj~ RAD/SEC 


Figure  3  P-2-5-2)  DYNAMIC  HEIGHT  CONTROL  CRITERION  IN  TERMS  OF  PHASE 

ANGLE  OF  HEIGHT  RESPONSE  TO  SINUSOIDAL  CONTROL  INPUTS. 
{FROM  REFERENCE  36) 
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RESPONSE  VO  THRUST  MAGNITUDE  CONTROL  INPUT 


REQUIREMENT 

3-  2.  5-  3  Response  to  thrust  magnitude  control  input.  Following  an  abrupt 
step  displacement  of  the  thrust  magnitude  control,  the  ratio  of  the  maximum 
rafo  of  climb  occurring  within  the  first  second  to  the  magnitude  of  the  cockpit 
control  input  shall  lie  »o£thin  the  bounds  of  table  VTL-  This  requirement  is 
for  hovering  in  still  air  and  for  inputs  up  to  the  maximum  permissible. 

TABLE  VII.  Response  to  Thrust  Magnitude  Control  Input  in  One  Second 
or  Less  (Climb  1  ite  in  Feet  per  Minute  per  Inch  of 
Control  Deflection) 


Level 

1 

Minima 

Uaxuna 

1 

IOC 

750 

2 

50 

1200 

5 

2090 

DISCUSSION 

The  effects  of  control  sensitivity  (  .)  and  damping  {  )  have 

been  treated  in  References  49,  69*  and  TO,  and  briefly  in  Reference  72. 
Reference  49  showed  that  the  pilot  rating  boundaries  were  not  significantly 
different  for  collective-type  controllers  as  compared  to  throttle-type  con¬ 
trollers,  and  hence  most  investigations  thereafter  dealt  exclusively  with 
collective-type  controllers. 

Most  of  the  results  in  this  area  are  shown  in  Figure  I  (3.  2.  5.3). 
Based  on  this  data,  the  requirements  of  paragraph  3.  2.  5.3  were  formulated 
in  terms  of  the  ratio 


maximum  rate  of  climb  occuiring  within  first  second  ^  ft  /min  ^ 
magnitude  of  abrupt  step  displacement  of  cockpit  control  in. 


The  values  selected  ior  this  ratio  are  shown  on  Figure  1  (3.2.  5.3)  using  a 
simple  single-degree-of-freedcm  approximation  to  height  dynamics.  The 
lines  on  Figure  1  (3.  2.  5.  3)  representing  the  Level  1  and  Level  2  values  are 
cons, del  ed  to  be  reasonable  equivalents  to  the  pilot  rating  bour.da ries.  For 
Level  3  no  requirement  is  placed  on  a  minimum  while  the  maximum  value  is 
a  rbitrary. 


Note  that  the  requirement  applies  for  inputs  up  to  the  maximum  per¬ 
missible  which  may  be  determined  by  the  maximum  control  available,  the 
development  of  excessive  climb  rates,  structural  limits,  etc. 
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3.  2.  5. 4  VERTICAL  DAMPING 
REQUIREMENT 

,,*  '  Vettical  damping.  The  translational  height  damping  in  vertical 

tlight  (l-  e. ,  the  vertical  force  proportional  to  vertical  velocity)  shall  not  be 
in  the  unstable  sense. 

DISCUSSION 


This  requirement  is  based  on  the  data  in  Figure  1  (3.  2.  5.  3),  which 
indicates  that  some  nonzero  value  of  damping  would  be  desirable  especially 
for  Level  1.  However,  this  value  is  quite  small.  Because  of  the  complex 
nature  of  vertical  force  characteristics  at  low  speeds,  it  was  considered  that 
placmg  precise  numerical  requirements  on  height  damping  for  different  levels 
of  Hying  qualifies  is  not  warranted. 

a 


o 


3.3 


FORWARD  FLIGHT 


REQUIREMENT 

3.3  Forward  flight.  The  forward  flight  requirements  apply  to  those  Flight 
Phases  of  the  operational  missions  of  the  aircraft  which  include  equilibrium 
flight  or  maneuvering  in  the  speed  range  of  35  knots  TAS  to  Vcon.  The  re¬ 
quirements  of  3.5,  3.6,  3.7  and  3.8  are  also  applicable  in  this  speed  regime. 

DISCUSSION 

This  requirement  establishes  the  speed  range  wherein  the  following 
requirements  apply.  It  should  be  noted  that  these  requirements  are  related 
to  equilibrium  flight  and  maneuvering  about  a  fixed  operating  point  condition, 
and  are  not  intended  to  apply  during  rapid  acceleration  or  decel  .ration  tran¬ 
sition  maneuvers  (this  aspect  is  discussed  at  some  length  in  Section  III, 
Specification  Structure  and  Philosophy).  In  addition,  the  other  sections  of 
the  V/STOL  Specification  relating  to  requirements  on  the  characteristics  of 
the  flight  control  system  (3.5),  takeoff  and  landing  (3.6),  atmospheric  distur¬ 
bances  (3.7),  and  miscellaneous  requirements  (3.8),  must  be  applied  in  this 
speed  rang'*-  The  rationale  for  separation  of  the  V/STOL  Specification  into 
the  Hover  and  Low  Speed  Section  and  a  Forward  Flight  Section  is  discussed 
in  Section  TIT,  Specification  Structure  and  Philosophy. 

The  essential  philosophy  behind  the  requirements  of  the  Forward 
Flight  Section  of  the  V/STOL  Specification  is  an  attempt  to  enable  an  aircraft 
to  be  flown  with  satisfactory  handling  qualities  at  any  speed  between  35  knots 
and  VCQn.  In  the  vicinity  of  V  con,  i*  i-  desirable  that  the  requirements  of 
the  Forward  Flight  Section  of  the  V/STOL  Specification  blend  with  those  of 
MIL-F-8785B  (Reference  10).  At  the  other  end  of  the  speed  region  it  is 
desirable  that  the  requirements  of  the  Forward  Flight  Section  blend  with 
those  of  the  Hover  and  Low  Speed  Section  of  the  V/STOL  Specification.  While 
a  reasonable  amount  of  data  are  available  around  hover,  and  MIL-F-8785B 
requirements  together  with  background  data  are  available  for  V>Vcon,  there 
does  exist  a  shortage  of  data  when  attention  is  directed  at  speeds  between 
35  knots  forward  and  conventional  landing  approach  speeds-  In  the  original 
proposed  V/STOL  Specification  (Reference  3)  this  data  shortage  coupled  with 
the  diverse  requirements  of  such  documents  as  AGARD  4G8A,  RTM-37,  and 
MIL-H-8501  (References  46,  47,  and  15  respectively),  and  the  desire  to 
blend  requirements  established  the  basic  philosophy  that  unless  more  specific 
data  were  available,  V/STOL  aircraft  would  be  considered  to  be  the  equiva¬ 
lent  of  a  landing  approach  configuration  {Flight  Phase  Category  C)  of  M1L-F- 
8785B. 


Though  this  philosophy  of  blending  requirements  still  manifests  itself 
in  the  present  V/STOL  Specification  (Reference  i),  V/STOL  aircraft  are  now 
considered  on  their  own  capabilities  and  are  no  longer  directly  tied  to  Flight 
Phase  Category  C  requirements  of  MU.-F -8785B.  The  requirements  of 
Reference  1  for  the  Forward  Flight  Section  (3.3)  reflect  continued  thought, 
re-evaluation  of  existing  data,  and  analysis  of  new  da'a  and  new  reports  (e.g. , 
Reference  73),  concerning  V/STOL  aircraft  haadlrng  ore' titles. 
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3.  3.  1 


LONGITUDINAL  EQUILIBRIUM 


REQUIREMENT 

3,  3.  I  Longitudinal  equilibrium.  With  the  aircraft  trimmed  at  speeds  from 
35  knots  forward  to  Vcon,  the  following  requirements  shall  be  satisfied  for 
perturbations  of  ±  10  knots  from  the  trim  speed  except  where  limited  by  the 
boundaries  of  the  Service  Flight  Envelope.  The  confi.gara.tion  and  trim  may 
be  different  at  each  trim  condition,  but  shall  remain  fixed  while  determining 
the  control  gradients. 

Level  1:  The  variations  of  pitch  control  force  and  control  position 

with  pitch  attitude  and  airspeed  shall  be  smooth  and  the 
local  gradients  stable  or  zero. 

Level  2c  For  those  Flight  Phases  of  the  operational  missions  of 
3.  i.  1  for  which  IF R  operation  is  required,  the  Level  Z 
requirement  is  the  same  as  for  Level  1.  In  all  other  cases, 
the  Level  2  requirement  is  the  same  as  for  Level  3. 

Level  3z  The  Level  1  requirements  shall  apply  except  that  the  local 

pitch  control  position  gradients  may  be  unstable.  However, 
the  change  in  the  pitch  control  position  shall  net  exceed  one- 
half  inch  in  the  unstable  direction  over  the  speed  range  or 
pitch  attitude  range  associated  with  the  unstable  gradient. 

Stable  pitch  control  gradients  mean  that  incremental  pull  force  and  aft  dis¬ 
placement  of  the  cockpit  control  are  required  to  maintain  nose -up  attitudes 
or  slower  airspeeds  and  the  opposite  to  maintain  nose-down  attitodes  or 
higher  airspeeds.  The  term  gradient  does  not  include  that  portion  of  the  con¬ 
trol  force  or  control  position  versus  pitch  attitude  or  airspeed  curve  within 
the  preioaded  breakout  force  or  friction  band. 

DISCUSSION 

The  primary  purpose  o«  this  requirement  is  to  limit  divergences  in 
airspeed  and  aircraft  attitude  which  might  remain  undetected  by  a  busy  pi b*£ 
and  could  result  in  the  aircraft  -iering  an  unsafe  flight  condition  with  in¬ 
sufficient  control  available  for  =covcry.  The  Level  1  and  2  requirements 
are  intended  to  prevent  these  divergences  for  IFR  flight.  The  Level  3  re¬ 
quirements  (and  Level  2  VFR  only)  limits  permissible  static  instability  as 
determined  from  control  position  gradients  Tith  speed  and  attitude. 

The  requirements  are  directed  at  both  force  and  position,  although 
the  aircraft  industry  maintains  that  force  stability  is  sufficient.  Discussions 
with  pilots  concerning  IFR  tasks  and  articles  by  pilots  such  as  Reference  74 
indicate  the  need  for  control  position  stability  as  well  as  control  force  sta¬ 
bility. 
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Other  specifications  have  also  recognized  the  desirability  of  providing 
both  control  force  and  control  position  stability  (References  10,  15,  46,  47). 
This  requirement  provides  a  reasonable  interface  between  the  requirements 
of  Section  3.  2.  1.  3  of  Reference  1  and  those  of  Section  3.  2.  2.  1  of  Reference  10. 

The  general  criterion  for  static  stability  (Reference  75)  is  that  the 
constant  term  of  a  conventional  aircraft  characteristic  equation  be  greater 
than  zero.  When  thig  term  is  less  than  zero,  aperiodic  divergence  results. 

The  stability  derivatives  that  result  in  aperiodic  divergences  also  manifest 
themselves  in  the  gradients  of  stick  force  and  stick  position  with  velocity  or 
attitude.  As  discussed  in  Reference  76,  the  gradients  are  proportional  to 
static  stability  and  pilots  are  used  to  the  relationships  existing  between  con¬ 
trol  position,  force  and  speed.  For  the  Y/STOT  Specification,  it  was  decided 
to  address  aperiodic  divergences  explicitly  in  the  section  on  dynamic  response 
requirements  (3.3.2),  and  to  address  longitudinal  equilibrium  only  through 
the  device  of  stick  gradients.  This  was  felt  necessary  due  to  the  various 
additional  modes  which  might  be  introduced  by  complicated  stability  and  con¬ 
trol  systems. 

The  two  most  common  causes  of  static  instability  are  the  center  of 
gravity  being  too  far  aft  ( becoming  positive),  and  being  negative.  In 
both  of  these  cases,  a  single  real  root  will  generally  become  unstable  as  the 
critical  loading  or  flight  condition  is  approached,  as  shewn  on  Figure  1(3.  3.  1). 

The  following  equations  are  representative  of  straight-and-level-flight 
about  a  fixed  operating  point  written  with  respect  to  stability  axes  of  the  air¬ 
craft 

(s-y,)u  -  X^hr  +  =  ^^5 

.'?aV-  *  -  £t,50 


Thus  the  constant  term  of  the  characteristic  equation  may  be  expressed  as: 
g  ( iT*.  ^10-  ~  3- os' )  .  As  previously  mentioned,  the  presence  of  an  unstable 
aperiodic  root  can  be  determined  analytically  by  the  sign  of  the  constant 
term  of  the  characteristic  equation.  With  the  elevator  fixed,  for  instance, 
the  airspeed  will  diverge  from  trim  when  <  0 .  With  two  unstable 

real  roots  (or  any  even  number  of  such  roots),  the  constant  term  of  the  char¬ 
acteristic  equation  can  still  be  positive.  In  this  case,  the  presence  of 
divergent  modes  will  be  indicated  by  other  coefficients,  or  Routb's  dis¬ 
criminant.  of  the  characteristic  equation  being  negative  and,  of  coarse,  by 
factoring  the  characteristic  equation.  This  is  not  a  common  occurrence, 
and  therefore  the  criterion  2^4^.  >  is  usually  sufficient  to  ensure  that 

there  are  120  first-order  divergent  inodes  present. 
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When  determining  whether  or  not  there  is  a  divergent  mode,  stick  free,  — 

the  above  relationship  must  be  modified  to  account  for  pitch  control  surface  x  , 

movements  caused  by  hinge  moments,  bob  weights,  downsprings,  SAS,  etc. 

The  foregoing  discussion  is  concerned  with  the  primary  static  sta¬ 
bility  requirement  of  3.  3.  1  and  is  useful  for  design  purposes-  It  is,  however, 
extremely  difficult  to  test  for  a  divergent  mode  by  disturbing  the  airplane  from 
trim  and  then  observing  the  airspeed  response,  the  airplane  may  diverge  for 
a  while  until  it  reaches  a  flight  condition  where  the  airplane  is  stable,  and 
then  hold  some  new  speed.  In  such  cases,  the  pilot  would  not  know  whether 
the  airplane  was  unstable  around  the  original  trim  speed  or  whether  he  was 
initially  out  of  trim. 

A  straightforward  way  to  detect  slightly  divergent  modes  in  flight  test 
is  to  measure  control  force  and  position  variations  with  speed  at  constant 
throttle.  A  stable  variation  of  control  force  with  speed  indicates  the  presence 
of  a  phugoid  mode  (stick -free).  For  example,  if  a  steady  push  force  is  re¬ 
quired  to  hold  a  speed  above  trim  speed,  release  of  the  stick  will  cause  the 
airplane  to  nose  up  and  slow  down,  undershoot  the  trim  speed,  speed  up 
again,  etc.  If  zero  push  force  is  required  to  hold  an  off-trim  speed,  release 
of  the  stick  will  cause  the  airplane  to  maintain  attitude  and  speed,  i.  e. ,  there 
is  no  longer  any  phugoid  oscillation  (stick-free).  When  a  pull  force  is  re¬ 
quired  to  maintain  a  speed  above  the  trim  speed,  release  of  the  stick  will 
cause  the  airplane  to  pitch  down,  and  the  airspeed  will  diverge.  The  same 
kind  of  explanation  relates  the  stick  position  required  to  hold  off-trim  air¬ 
speeds  to  the  airplane's  behavior  when  the  stick  is  returned  to  its  trim 
position  and  held  fixed.  The  requirements  on  control  gradients  essentially 
ban  divergences,  but  are  stated  in  a  form  more  directly  useful  for  flight  test 
purposes.  Zero  gradients  have  been  permitted  so  that  response-command 
systems  are  not  disallowed. 

The  expression  for  the  control  position  gradient  with  speed,  for 
example,  is: 

^ies  Mgr  —nip  2^ 

A  negative  value  of  would  result  in  a  negative  value  oi(dS££  j cfn) . 

That  is,  aft  control  motion  would  increase  angle  of  attack  in  the  normal  man¬ 
ner,  but  the  normal  acceleration  response  would  be  downward,  even  in  the 
short-term  steady  state.  For  all  practical  cases,  therefore, 
will  always  be  positive;  and  stable  control  gradie  .*s  will  ensure  that  no 
divergent  aperiodic  modes  are  present. 

The  explanation  just  presented  is  based  on  the  assumption  that  the 
stability  derivatives  remain  essentially  constant  and  may  become  less  sound 
at  trim  speeds  much  below  Vcon_  At  these  lower  speeas,  V/STOL  configura¬ 
tions  can  exhibit  wide  variations  in  stability  derivatives  over  relatively  small 
speed  ranges.  In  addition,  any  tendency  toward  nonlmeai  aerodynamics  would 
limit  the  generality  of  conclusions  based  on  linear  equations.  This  by  ro 
means  detracts  from  the  validity  ot  the  requirement  of  the  need  fo-,  ’‘static’" 
longitudinal  sraoil:iv. 
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It  may  be  noticed  that  the  specification  requires  both  attitude  and 
speed  to  have  stable  gradients  with  pitch  control.  Usually,  if  the  attitude 
gradient  with  stick  position  is  stable,  then  the  speed  gradient  with  stick 
position  will  be  also,  and  vice  versa.  If  this  was  always  the  case  it  would  be 
logical  to  specify  that  either  can  be  demonstrated  and  leave  it  to  the  con¬ 
tractor  to  choose  the  most  convenient.  Unfortunately  this  is  not  so;  an 
unusual  combination  of  derivatives  could  result  in  stable  speed-stick  position 
stability  but  unstable  attitude- stick  position  stability  or  vice  versa.  The  pitch 
control  force  derivatives  (e.g. ,  )  are  most  likely  to  cause  such  a 

phenomenon . 

An  example  of  such  a  configuration  is  quoted  in  Reference  42  (Table  Bl). 
This  configuration  had  the  following  derivatives 

Xjjts 

~Xu  =  -.*>,  Ma=  +.105 ,  4  =  -.82  ,  Af  =  -.99,  -  -1.88 

5£S 


Then  the  following  approximations  to  the  u/S^  and  QjS^  responses 


where  A  =  (s  *  I9)[s2*  Z(-.3o)(l.26)s  +  L28Z\ 

For  this  case,  the  attitude  -  stick  position  gradient  will  be  unstable  and  the 
speed-stick  position  gradient  will  be  stable. 

For  Level  1  and  Level  2  3FR,  the  -requirements  in  3.  3.  1  of  Refer¬ 
ence  1  are  essentially  the  same  as  3.  2.  1.  I  of  Reference  10.  The  Level  3 
requirement  of  Reference  1  is  similar  to  the  VFR  requirement  o£  Reference 
15  for  control  position  instability-  The  speed  range  required  for  demon¬ 
stration  is  limited  to  ±  10  knots  about  the  trim  speed,  since  it  is  assumed 
that  beyond  this  speed  range  the  vehicle  would  probably  be  retrimmed. 
Although  there  is  a  significant  shortage  of  data  for  the  speed  range  from 
35”  knots  to  VCQn,  examination  of  comments  in  References  37  and  77  indi¬ 
cates  that  pilot  rating  can  rapidly  deteriorate  with  changes  from  stable  to 
unstable  stick  position  and  force  gradients  with  either  speed  or  attitude. 

it  should  be  noted  that  the  intent  of  this  requirement  is  not  to  discour¬ 
age  various  types  of  V/STOL  aircraft,  kfany  vehicle  concepts  (e.g.,  tilt¬ 
wing)  do  not  inherently  possess  the  stability  characteristics  necessary  to  meet 
the  requirements  until  well  above  33  knots  forward  airspeed,  as  indicated  in 
Reference  78.  Thus,  for  these  type  of  aircraft,  augmentation  systems  would 
be  required  to  meet  the  requirements  for  Level  i  and  Level  2  IFR. 
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3.  3.  2  LONGITUDINAL  DYNAMIC  RESPONSE 
REQUIREMENT 


3.3.2  Longitudinal  dynamic  response.  The  following  requirements  shall 
apply  to  the  dynamic  response  of  the  aircraft  with  the  pitch  control  free  and 
with  it  fixed.  These  requirements  apply  following  a  disturbance  in  smooth 
air,  and  following  abrupt  pitch  control  inputs  in  each  direction,  for  responses 
of  any  magnitude  that  might  be  experienced  in  operational  use.  If  the  oscil¬ 
lations  are  nonlinear  with  amplitude,  the  requirements  shall  apply  to  each 
cycle  of  the  oscillation. 

Level  li  The  response  of  the  aircraft  shall  not  be  divergent  (i.  e.  , 

all  roots  of  the  longitudinal  characteristic  equation  of  the 
‘  aircraft  shall  be  stable).  In  addition,  the  undamped  natural 

frequency,  ,  and  damping  ratio,  %  ,  of  the  second-order 
pair  of  roots  ( real  or  complex)  that  primarily  determine  the 
short-term  response  of  angle  of  attack  following  an  abrupt 
pitch  control  input  shall  meet  the  Level  1  requirements  of 
figure  I. 

Level  Zz  For  those  Flight  Phases  of  the  operational  missions  of  3.  1.  1 

for  which  IFR  operation  is  required,  the  Level  2  requirement 
is  the  same  as  for  Level  1.  In  all  other  cases,  for  Level  2, 
divergent  modes  of  aperiodic  response  shall  not  double  ampli¬ 
tude  in  less  than  12  seconds.  Oscillatory  modes  may  be 
unstable  provided  their  frequency  is  less  than  or  equal  to 
0.  84  radians  per  second  and  their  time  to  double  amplitude  is 
greater  than  12  seconds.  In  addition,  the  undamped  natural 
frequency  and  damping  ratio  of  the  second-order  pair  of 
roots  (real  or  complex)  that  primarily  determine  the  short¬ 
term  response  of  angle  of  attack  following  an  abrupt  pitch 
control  input  shall  meet  the  Level  2  requirements  of 
figure  1. 


Level  3;  Diverge-  l  modes  of  aperiodic  response  shall  not  double 

amplitude  in  less  than  5  seconds.  Oscillatory  responses 
shall  be  stable;  however,  an  instability  will  be  permitted 
provided  its  frequency  is  less  than  1.  25- radians  per  second 
and  its  time  to  double  amplitude  is  greater  than  5  seconds. 


DISCUSSION 

This  requirement  is  directed  at  all  possible  response  modes  of  the 
aircraft.  It  is  pen aps  of  some  value  to  discuss  briefly  why  the  terms  pbu- 
goid  and  short  period  dynamic  characteristics  do  not  explicitly  appear  in  this 
requirement.  For  several  V/STOL  aircraft,  the  basic  aerodynamics  of  the 
aircraft  complicate  the  approximations  that  normally  give  use  to  the 
■conventional-  phugoid  and  short  period  modes  of  response.  The  separation 
of  these  modes  may  in  certain  cases  become  nonexistent  without  augmentation. 
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Figure  1  SHORT-TERM  LONGITUDINAL  RESPONSE  REQUIREMENTS 

(FROM  REFERENCE  1) 


and  both  modes  may  have  a  significant  influence  on  the  response  of  the  air¬ 
craft  either  for  a  disturbance  in  smooth  air  or  to  an  abrupt  input.  For  those 
vehicles  which  do  not  have  modal  separation,  the  short  term  requirement  can 
be  directly  interpreted  as  a  short  period  requirement,  while  the  remainder  of 
the  requirement  is  directed  at  the  longer  period  iesponse  (phugoid  mode). 

For  these  aircraft  where  the  modes  are  not  sufficiently  separated  to  distin¬ 
guish  "short  period*  from  "phugoid"  the  phrasing  of  the  requirement  directs 
attention  at  the  short  term  response  (high  frequency)  of  angle  of  attack  which 
under  conventional  circumstances  would  be  associated  with  the  short  period 
mode  of  the  aircraft.  There  are  unfortunately  no  simple  hard  and  fast  rules 
to  determine  when  the  standard  s short  period*  and  "phugoid"  approximations 
apply  to  a  particular  V/STOL  aircraft.  Information  concerning  the  effects  of 
,  changes  in  stability  derivatives  for  V/STOL  aircraft  and  considerations  neces¬ 

sary  to  develop  approximate  transfer  functions  for  various  V/STOL  configura¬ 
tions  are  discussed  in  Reference  79-  Many  current  V/STOL  aircraft  rely  on 
augmentation  systems  in  order  to  provide  modal  separation  and  to  achieve 
dynamic  characteristics  for  satisfactory  handling  qualities.  It  is  recognized 
that  augmentation  systems  can.  and  very  often  do,  introduce  additional  response 
modes;  thus  the  requirement  is  written  to  also  account  for  additional 
aperiodic  or  oscillatory  modes  created  through  the  use  of  stability  augmen¬ 
tation  and  control  systems. 

The  basic  philosophy  of  this  requirement  is  to  create  a  reasonable 
change  in  the  longitudinal  response  parameters  from  the  hover  and  low  speed 
requirements  (3.2.2)  of  Reference  1  to  the  requirements  3.2.  1.2  (Phugoid 
Stability)  and  3-2.2.  1  (Short  Period  Response)  of  MIL-F-8785B,  Refer¬ 
ence  10. 

It  is  now  valuable  to  compare  the  requirements  for  hover  and  low  speed 
flight  as  well  as  the  requirements  for  V  >  VCOJl  with  the  V/STOL  forward 
flight  requirements  for  the  longitudinal  dynamics.  The  following  table  illus¬ 
trates  the  various  requirements  on  aperiodic  stability. 


Level  1 

Level  2 

Level  3 

Eiover  &  Low-Speed  (3.2.2) 

Stable 

Stable(IFR) 

T2  >  12  sec(VFR) 

T2  >  5  sec 

Forward  Flight  (3.3 . 2} 

Stable 

Stable(IFR) 

T2  >  12  sec(VFR) 

Tz  >  5  sec 

MEL-F-8785B  (Reference  10) 

Stable 

Stable 

Stable 

Aperiodic  response  is  related  to  longitudinal  equilibrium  and  the  pre- 
vio_s  discussion  of  requirement  3.  3.  1  of  the  V/STOL  Specification  describes 
the  effects  of  positive  A^-and  negative  on  the  roots  of  the  characteristic 
equation.  The  most  significant  changes  in  the  requirements  on  aperiodic  re¬ 
sponse  between  the  V/STOL  Specification  for  forward  flight  and  M1L-F - 
87859  are  in  Level  3.  The  Level  3  requirements  of  the  V/STOL  Specifica¬ 
tion  recognize  that  the  basic  airframe  for  in any  V/STOL  aircraft  may  be 
ape riodicaliy  unstable  and  that  some  instability  is  acceptable  for  Level  3 
flying  qualities.  Data  in  Reference  80  indicate  that  time  to  double  amplitudes 
(T 2)  on  fp.e  order  of  one  second  an  acceptable  for  Level  3  flying  qualities. 

Certain  data  supplied  by  industry  on  a  simulation  ox  a  STOL  aircraft 
indicate  that  an  aperiodic  instability  in  the  pitch  mode  with  T^<  5  seconds 
was  essentially  rated  Level  2.  however,  the  exact  details  of  the  piloting  task 
were  not  described. 

Data  irom  Reference  81  are  plotted  on  Figure  1(3.  3.2)  using  the 
approximations  r  and  2  %u)n  -  -  (  AL  *  ) .  The  task  in 

the  experiment  involved  IFR  (hooded)  flight  consisting  of  climbs,  descents 
and  turns  at  40  knots  and  70  knots.  For  this  task,  it  can  be  seen  in  Figure 
1(3.  3.2)  that  values  of  T ?  between  one  and  two  seconds  would  satisfy  Level  3 
X lying  qualities  requirements. 

Data  obtained  during  the  X-22A  MPE  (Reference  37)  showed  pure 
•■{periodic  divergences  with  values  of  T^  between  3  and  5  seconds.  This 
degree  of  instability  was  considered  unsatisfactory  by  the  pilots.  Hands-off 
flight  for  more  than  a  few  seconds  was  not  possible,  and  instrument  flight 
was  considered  not  feasible  due  to  excessive  pilot  workload. 

Thus,  although  there  exists  a  body  of  data  which  indicates  that  T ^  < 

5  seconds  could  be  acceptable  for  Level  3  flying  qualities,  the  result  of 
actual  flight  test  evaluation  of  the  X-22A  indicates  that  T^  -  5  seconds  is  an 
appropriate  ievel  for  aperiodic  divergences.  Discussions  with  military 
pilots  at  V/5TOL  Specification  review  meetings  further  reflected  the  desir¬ 
ability  to  limit  the  time  to  double  amplitude  of  aperiodic  aircraft  responses 
to  5  seconds  for  Level  3,  especially  for  IFR  tasks. 

The  frequency  and  damping  ratio  requirements  of  Section  3.3.2  of 
the  V/STOL  Specification  are  not  written  in  terms  of  *phugoid*  and  "short 
period*  modes  of  response  as  in  MIL-F-8785B;  however,  in  order  to  com¬ 
pare  the  requirements,  it  is  helpful  to  interpret  the  short  term  requirements 
of  the  V/STOL  Specification  as  a  short  period  mode.  Other  V/STOL  specifi¬ 
cations  (e.g.,  AGAR D  408A)  write  requirements  in  terms  of  frequency  and 
damping  ratio  and  use  concave  downward  requirements  to  direct  attention  at 
maneuver  margin,  or  as  shown  m  Reference  7b,  short  period  dynamics. 
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The  short  term  recmrerer.u  of  the  V/STOL  Specificat.on  ere  esse:.- 
tially  a  blend  of  the  Flight  Phase  B  (e.g.,  cruise)  and  Flight  Phase  C  ( e.  g. , 
landing  approach)  requirements  of  MIL- F-8785B  (Reference  10).  The  lower 
limit  irrsvosed  on  natural  frequency  of  the  short  term  response  is  a  function 
of  rr/ai  and,  as  shown  on  Figure  1(3.  3.2),  separates  modal  parameters  in  a 
similar  nature  to  the  concave  downward  requirements  on  normal  acceleration 
oi  MIL-H-850 1A  (Reference  15).  The  lower  limit  established  for  Levels  1 
and  2  for  is  based  upon  data  presented  in  Reference  81  and  illus¬ 

trated  on  Figure  1(3.  3.2).  As  mentioned  previously,  the  data  illustrated 
were  plotted  based  on  the  assumptions  that  “2^  =  -  ^  2^-  and 

-  -  (Hf  +  2^)  ,  ar-^  the  experiment  involved  a  task  wherein  speed 
was  varied  between  40  and  70  jj-ots. 

Figure  2(3.  3.2)  compares  some  results  from  Reference  82  with  the 
short  term  V/STOL  requirements.  The  Level  1  boundary  for  approach-oath 
stability  and  control  (Flight  Phase  Cate  go  r  C)  appears  to  be  r*tr~»-df-d  better 
by  the  minimum  damping  requirement  of  light  Phases  A  and  C  of  MIL-F- 
8785B  (  -  0.  35)  than  by  the  more  lenient  requirement  of  the  V /STOL 

Specification  (  -  0.  30).  In  addition,  the  Level  3  boundary  for  the  data 

in  Reference  82  is  more  restrictive  than  the  V/5TOL  Specification.  These 
data  illustrate  that  the  V/STOL  requirement  on  short  term  dynamic  require¬ 
ments  is  perhaps  the  most  lenient  requirement  that  can  he  specified  based 
upon  the  existing  data  and  suggest  the  need  for  further  investigation  of  the 
short  period  dynamics  of  Y/STOL  aircraft  by  Flight  Phase  Category. 

Figures  3(3.  3.2)  through  5(3.  3.  2)  indicate  a  comparison  of  the  V/STOL 
Specification  short  term  dynamic  requiret-ients  for  forward  flight  with  those 
°t  References  46,  47,  anc  15,  and  also  serve  to  indicate  the  differences  in 
the  dynamic  requirements  of  other  V/STOL  Specifications. 

The  short  term  response  requirements  of  the  V/STOL  Specification 
are  reasonably  substantiated  by  the  little  available  rh»ru  and  are  written  to 
blend  reasonably  with  the  low  speed  requirements  (3.2.2)  of  the  V/5TOL 
Specification  at  35  Knots  and  with  the  short  period  requirements  of  MIL -  F  - 
8  /  8uB  at  Vcon.  It  should  be  noted  that  one  significant  difference  between  the 
V/STOL  Specification  and  MIL-F-87S5B  is  that  the  V/STOL  recui re ments  for 
short  term  dynamic  response  parameters  are  open-ended.  That  is,  they 
state  only  the  minimum  while  both  the  maximum  and  the  minimum  are 
specified  in  MIL-F-8785B  for  conventional  aircraft-  This  is  a  result  of  the 
shortage  oi  experimental  data  to  justify  such  additional  requirements.  In 
addition  it  should  be  remembered  that  for  many  V /5TGL  aircraft  the  short 
term  dynamics  are  in  reality  the  combination  of  aperiodic  roots,  and  in  the 
speed  range  from  35  knots  to  Vcoa,  it  is  very  probable  that  the  aircraft  will 
possess  a  short  period  damping  ratio  in  excess  of  values  considered  desirable 
for  conventional  flight.  Thus  to  impose  a  maximum  damping  ratio  reauire- 
ment  might  oe  pnysicaily  unrealistic.  The  minimum  frequency  requirement 
should  nelp  to  prevent  configurations  that  would  be  too  sluggish  in  response 
to  control  inputs. 
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me  previous  discussions  were  related  to  aperiodic  modes  and  short¬ 
term  (e.  g.,  short  period,  high  frequency)  modes  of  aircraft  response.  The 
:V>Ilo»kg  is  directed  at  the  low  frequency,  phugoid  -  type  modes. 

Again  the  fundamental  philosophy  is  to  establish  requirements  that 
will  blend  between  the  low  speed  requirements  (3.2.2)  of  the  V/STOL.  Specifi¬ 
cation  ar.c  the  phugoid  requirements  (3.2.  12)  of  MLL-F -8785B.  The  following 
table  illustrates  the  various  requirements  for  low  frequency  oscillatory  modes 


Level  1 

, 

Level  2 

Level  3 

Hover  &  Low  Speed 

(3.2.2)  >5—  ,  Z>0 

sac 

.aS 

fitRi 

same  as  Level  1 
VFR; 

Z>0 

<0  c  .84-  ,  T2>  !2 

(O  >  L2S,  £>0 

tO  -c  1.2S,  T2  >S 

Forward  Flight 

(  a.  >.  2)  Stable 

i 

.  i 

_ 1 

IFR; 

same  as  Level  1 
VFR; 

03  >  .84  ,  X  >0 

co<.  .84  ,  Tz>  f2 

same  as 
3.2.2 

MIL-F  -S785E  .  1 

1  Reference  10)  %  ~  0.04  s  Z  2tO 

P  \  P 

_ : _ L_ _ 

T,  ^  ss 

Thus  the  low  frequency  forward  flight  longitudinal  oscillatory  require¬ 
ment  represents  a  reasonable  interface  between  the  hover  and  low  speed  re- 
c  rerr.er.ts  of  Reference  1  and  the  requirements  on  phugoid  stability  of 
Reference  10.  Comments  in  Reference  73  indicate  that  many  of  the  STOL  air¬ 
craft  evaluated  by  NASA  had  low  frequency  modes  with  near  neutral  damping 
=t'.c  period  greater  than  20  seconds  and  caused  no  problems  to  the  pilot  in 
the  evaluation  programs.  For  Levels  2  and  3,  specifying  for  forward  flight 
•'  *  ^  me  requirements  on  the  low  frequency  oscillatory  mode  as  for  hover 
's:  ~  i  -peec  establishes  a  lower  bound  on  phugoid  stability. 
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Figure  1  {3 32)  COMPARISON  OF 
LONGITUDINAL 


Figure  2  (3-3.2) 


COMPARISON  OF  PILOT  OPINION  BOUNDARIES  OF  REFERENCE  82  WITH 
V/STOL  SPECIFICATION  SHORT  TEFa*  RESPONSE  REQUIREMENTS 


Figure  3133  2)  DYNAMIC  REQUIREMENTS  OF  AGARD  408A  (REFERENCE  46) 
COMPARED  TO  V/STOL  SPECI  FICATION  SHORT  TERM 
RESPONSE  REQUIREMENTS 
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Figure 4  (332)  DYNAMIC  REQUIREMENTS  OF  RTM-37  {REFERENCE  47) 
COMPARED  TO  V/5TOL  SPECIFICATION  SHORT  TERM 
RESPONSE  REQUIREMENTS 
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Figure  5  (3-3-2)  DYNAMIC  REQUIREMENTS  OF  MIL-B-8501A  (REFERENCE  15) 
COMPARED  TO  V/STOL  SPECIFICATION  SHORT  TER34 
RESPONSE  REQUIREMENTS 
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3.  3.  3  RESIDUAL  OSCILLATIONS 
REQUIREMENT 

3.  3.  3  Residual  oscillations-  Any  sustained  residual  oscillations  shall  not 
interfere  with  the  pilot's  ability  to  perform  the  tasks  required  in  operational 
use  of  the  aircraft-  For  Levels  1  and  2,  oscillations  in  normal  acceleration 
at  the  pilot’s  station  greater  than  ±  0.  05g  will  be  considered  excessive  for 
any  Flight  Phase,  These  requirements  shall  apply  with  the  pitch  control  fixed 
and  with  it  free. 

DISCUSSION 

This  requirement  is  essentially  the  same  as  3.2,2.  1.3  of  MIL-F 
8785B  {Reference  10).  The  primary  purpose  of  the  requirement  is  to  direct 
attention  at  limit  cycles  in  the  control  system  and  structural  oscillations 
which  might  affect  pilot  performance  in  the  tactical  mission,  cause  pilot 
discomfort,  etc. 
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3.  3.4 


PITCH  CONTROL  FEEL  AND  STABILITY  IN'  MANEUVERING 


FIJGHT 

REQUIREMENT 

3.  3. 4  Pitch  control  feel  and  stability  In  maneuvering  flight.  In  steady 
turning  flight,  and  in  puJIups  at  rrm-;tint  increased  ptlil  forces  and  aft 

displacement  of  the  cockpit  pitch  control  shall  be  required  to  maintain 
increases  in  angle  of  attack,  normal  acceleration  and  nose-up  pitch  rate 
throughout  the  range  of  an  of  attack  and  load  factor  in  the  Service  Flight 
Envelope.  Increases  in  push  forces  and  forward  displacement  of  the  cockpit 
pitch  control  shall  be  required  to  maintain  reductions  of  angle  of  attack  and 
normal  acceleration  in  pushover;  at  constant  speed. 

3.  3.4.  1  Pitch  control  forces  in  maneuvering  flight.  In  steady  turning 
flight,  in  pull  ups,  and  in  pushovers,  at  constant  speed,  the  variation  in  pitch 
control  force  with  steady-state  normal  acceleration  or  angle  of  attack  shall 
be  approximately  linear.  In  general,  a  departure  from  linearity  resulting  in 
a  local  gradient  which  differs  from  the  average  gradient  for  the  maneuver  by 
more  than  50  percent  is  considered  excessive.  For  Levels  1  and  2  the  local 
value  of  the  pitch  control  force  gradient  with  normal  acceleration  shall  never 
be  less  than  3  pounds  per  g.  There  shall  be  no  undesirable  inputs  to  the  pitch 
control  system  due  to  changes  in  linear  or  angular  accelerations  produced  by 
gusts  or  thrust  magnitude  control  inputs.  The  term  gradient  does  not  include 
that  portion  of  the  force  versus  normal-acceleration  or  angle-of-attack  curve 
within  the  preloaded  breakout  force  or  friction  band. 

DISCUSSION 

The  intent  of  these  requirements  is  to  provide  the  pilot  with  proper 
cues  while  he  maneuvers  the  aircraft  about  a  fixed  operating  point-  Although 
at  low  speeds,  normal  acceleration  might  not  be  as  important  to  the  pilot  as 
pitch  rate,  stable  control  force  and  position  variations  with  normal  accelera¬ 
tion  at  constant  speed  ensure  that  the  aircraft  has  a  short-term  mode  that 
will  exhibit  a  restoring  tendency  which  will  return  the  aircraft  to  1-g  flight 
following  a  disturbance.  This  relationship  is  analogous  to  that  between  control 
force  and  position  variation  with  speed  and  the  low-frequency  (phugoid)  mode 
of  aircraft  response.  These  requirements  are  similar  to  those  appearing  in 
MIL-F-8785B  (Reference  10)  and  AGARD  408A.  (Reference  46).  In  addition, 
the  concave  downward  requirement  on  normal  acceleration  of  MIL-H-8501A  is 
equivalent  to  maneuver  stability  for  conventional  aircraft  (Reference  83). 
Although  it  Is  stated  in  Reference  83  that  the  "divergence*  criterion  should 
not  be  considered  as  an  alternate  criterion  for  oscillatory  stability,  the 
analysis  in  Reference  76  illustrates  that  there  are  root  locations  in  the 
s -plane  which  would  be  prohibited  by  the  concave  downward  requirement  on 
normal  acceleration  as  stated  in  MIL -H- 8 50 1A.  There  appears  to  be  a  dif¬ 
ference  of  opinion  as  to  the  ease  of  measuring  acceleration  trim  gradients 
between  References  76  and  83,  althougn  the  intent  of  the  MIL-H-8501A  re¬ 
quirement  is  an  attempt  to  write  a  requirement  directed  at  acceleration  trim 
gradients  (i.  c. ,  maneuver  margin).  Reference  50  summarizes  several  of 
the  existing  reports  relating  to  maneuvering  stability  and  recommends  that 
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the  eontav'  downward  requirement  (3.  Z.  11.  1)  of  MIL-H-8501A  (Reference  15) 
be  modified,  since  the  intent  of  this  requirement  is  to  ensure  constant- speed 
maneuvering  stability.  Based  on  this  background,  it  was  decided  to  formulate 
the  V/STOL  Specification  requirement  in  terms  of  constant  speed  maneuvering 
stability,  essentially  based  on  the  related  requirements  of  MIL-F-8785B. 

Thus  requirement  3.3.4  of  the  V/STOL  Specification  requires  positive  stick- 
fixed  and  stick-free  maneuver  margin. 

The  minimum  value  of  pitch  control  force  gradient  with  normal  ac¬ 
celeration  of  3  pounds  per  g  for  Level  1  and  Z  further  defines  the  desired 
minimum  Level  of  positive  stick-free  maneuver  margin.  This  value  is  the 
minimum  value  acceptable  to  satisfy  the  MIL-F-8785B  requirements  on 
maneuvering  flight  and  is  necessary  to  ensure  that  if  the  aircraft  can  develop 
load  factor  by  application  of  the  pitch  control,  the  response  of  the  vehicle  can 
be  adequately  controlled.  It  should  be  noted  that  the  V/STOL  requirement  makes 
no  distinction  between  stick  controllers  and  wheel  controllers,  since  it  has 
been  assumed  that  due  to  the  general  complexity  of  the  piloting  task  for 
V/STOL  aircraft,  only  one  hand  would  be  available  to  make  pitch  control 
inputs  for  maneuvering. 

For  many  V/STOL  aircraft  between  35  knots  and  Vcon,  it  is  quite 
probable  that  load  factor  changes  will  be  primarily  dependent  upon  applica¬ 
tion  of  the  thrust  magnitude  and  thrust  angle  controls.  Thus,  for  these  air¬ 
craft  n  1?%  for  a  pitch  control  input  can  approach  zero  (i.  e. , /-*■  co) .  For 
this  reason  no  upper  limit  has  been  established  on  the  acceleration  trim 
gradient  at  constant  speed. 

Reference  37  indicates  that  as  speed  is  reduced,  normal  acceleration 
cues  to  the  pilot  become  less  perceptible  and  pitch  rate  becomes  a  more 
obvious  cue  to  the  pilot.  Thus  at  low  speeds  it  may  be  more  desirable  to 
place  requirements  on  Fs  I  Q  in  order  to  establish  limits  on  force  gradient  Li 
constant  speed  maneuvers.  An  upper  limit  would  be  useful,  since  too  large  a 
force  gradient  would  increase  pilot  workload  and  could  result  in  a  sluggishly 
responding  aircraft.  AGARD  408A  (Reference  46)  requires  an  upper  limit 
of  ZO  Ib/g,  while  Reference  47  expresses  requirements  in  terms  of  control 
force  per  g  as  a  function  of  design  positive  limit  load  factor  §uad  also  in  terms 
of  G  per  pound  of  control  force.  Unfortunately  there  are  insufficient  oata 
or.  V/STOL  aircraft  to  place  a  requirement  on  either  a  maximum  value  of  F^f-n 
or  Fj  /  9  at  speeds  between  35  knots  and  Vcon. 

It  should  be  remembered  that  the  requirement  places  a  limit  or.  the 
minimum  value  of  Fs  hi  ,  tc  aid  in  maneuvering  control  of  the  aircraft  and  to 
hopefully  avoid  pilot-induced  oscillations  in  longitudinal  maneuvers.  This 
should  not  be  interpreted  as  a  desired  levei  of  tfte  stick  force  acceleration 
gradient.  There  are  several  considerations  relating  to  a  d»  ?ired  level  of 
stick  *orce/g.  For  example,  if  an  aircraft  had  a  lightly  damped, high  frequency, 
short  period  mode  it  might  be  necessary  to  provide  a  stick  force  acceleration 
gradient  ir.  excess  of  3  lb /g  for  Levels  1  and  Z  in  an  attempt  to  avoid  abrupt 
response,  excessive  sensitivity,  and  tendencies  toward  pilot-induced  oscil¬ 
lations.  t  urther  the  Flight  Phase  Category  and  Aircraft  Class  could  influence 


tr.t  desired  level  of  stick  force,  g.  Based  on  the  data  presented  in  Reference 
84  as  background  to  the  MIL-F-87S5B  requirements  on  maneuver  margin,  the 
selection  of  3  ib/g  appears  to  be  a  reasonable  lomer  limit  for  i-e\  els  1  and  2 


for  Y/STOL.  aircraft. 


3  5.5 


PITCH  CONTROL  EFFECTIVENESS  IN  MANEUVERING  FLIGHT 


REQUIREMENT 

3.  3.5  Pitch  control  effectiveness  in  maneuvering  flight.  When  the  aircraft 
15  trimmed  ir.  unaccelerated  flight  at  any  speed  and  altitude  in  the  Operational 
Flight  Envelope,  it  shall  be  possible  to  develop  at  the  trim  speed  the  limiting 
attitude  or  angle  of  attack  of  the  Operational  Flight  Envelope. 

3.  3.5.  1  Maneuvering  control  margins.  When  automatic  stabilization  and 
control  equipment  or  devices  are  used  to  overcome  an  aperiodic  instability  of 
the  basic  aircraft,  both  the  magnitude  of  the  instability  and  the  installed  con¬ 
trol  power  shall  be  such  that  at  least  50  percent  of  the  nominal  control  mo¬ 
ment  is  available  to  the  pilot  in  the  critical  direction  through  the  use  of  the 
pitch  control.  This  requirement  applies  throughout  the  Service  Flight 
Envelope  within  ±  15  knots  TAS  or  15  percent  of  the  trim  speed,  whichever  is 
greater. 

3.  3.5.2  Speed  anc  flight-path  control.  The  aircraft  dynamic  characteris¬ 
tics,  together  with  the  effectiveness  and  response  times  of  the  pitch,  thrust 
magnitude,  and  thrust  angle  controls,  shall  be  such  that  adequate  control  of 
the  flight  path  and  airspeed  can  be  maintained  at  all  permissible  angles  of 
attack  and  load  factors. 

DISCUSSION 

Requirement  3-  3.5  of  Reference  1  is  essentially  the  same  as  2.  13 
of  AGARD  408A  (Reference  4o),  except  that  the  pitch  control  effectiveness  re¬ 
quirement  is  now  only  imposed  within  the  Operational  Flight  Envelope  rather 
than  at  all  permissible  speeds.  Thus,  outside  the  Operational  Flight  Envelope, 
what  falls  out  of  the  design  is  now  considered  acceptable  for  pitch  control 
effectiveness.  The  requirement  of  3.3.5  is  related  to  the  requirements  of 
3.2.  3.2  of  MIL-F-8785B  (Reference  10)  except  that  at  the  speeds  consistent 
with  application  of  the  V/5TOL  Specification,  pitch  control  effectiveness  is 
directed  at  attitude  and  angle  of  attack  rather  than  load  factor. 

Requirement  3.  3.5.  1  is  equivalent  to  some  of  the  content  in  both  2.2 
and  2.4  of  AGARD  408A  (Reference  46).  Aperiodic  instabilities  in  particular 
have  been  singled  out  because  of  their  insidious  nature.  If  an  aircraft  with 
aperiodic  instability  is  flown  away  from  trim,  the  control  surface  deflection 
needed  to  return  to  trim  is  in  the  same  direction  as  that  used  to  maintain  the 
perturbation.  Thus  in  this  situation  an  automatic  stabilizing  device  could  use 
ail  the  control  power  available  and  thus  leave  the  pilot  with  no  means  to  re¬ 
cover.  Since  the  augmentation  dev  ice  is  providing  stick  position  stability, 
the  stick  could  move  forward,  for  example,  while  the  control  surface  moves 
in  the  opposite  sense  and  the  pilot  would  not  be  aware  of  the  reduction  in  con¬ 
trol  power  *n  the  recovery  direction.  It  should  be  noted  that  this  requirement 
is  intended  to  apply  only  when  an  aperiodic  instability  exists  and  it  is  neces¬ 
sary  to  augment  the  aircraft  in  order  to  achieve  a  desired  Level  of  flying 
qualities.  The  speed  region  about  trim  wherein  this  requirement  applies  has 
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been  restricted  based  on  practical  considerations  of  the  regions  of  aperiodic 
instability  associated  with  V/STOL  aircraft,  augmentation  system  design, 
and  anticipated  maneuvering  requirements  about  a  fixed  operating  point  in  tbe 
speed  range  from  35  knots  forward  to  Vccm. 

The  intent  of  3- 3- 5- 2  is  obvious,  and  has  been  expressed  as  a  very 
general,  qualitative  requirement.  The  requirement  as  stated  exemplifies  the 
need  for  additional  research  on  the  multi -input,  multi -output  control  situations 
associated  with  V/STOL  aircraft  and  the  possible  changing  nature  in  the  modes 
of  aircraft  response  to  control  inputs  as  the  aircraft  is  flown  between  35  knots 
forward  and  Vcon. 


3.  3.6 


PITCH  CONTROL  IN  SIDESLIPS 


REQUIREMENT 

3-  3.6  Pitch  control  in  sideslips.  With  the  aircraft  trimmed  for  straight 
flight  with  zero  sideslip,  the  pitch  control  force  required  to  maintain  con¬ 
stant  speed  in  steady,  constant- heading  sideslips,  shall  not  exceed  one-third 
o:  the  limits  of  3.  5.  3  in  the  pull  direction  or  one-sixth  of  the  limits  of  3.5.  3 
in  the  push  direction.  This  requirement  shall  be  met  for  sideslips  up  to  the 
magnitude  specified  m  3.  3.  1 1  or  the  magnitude  which  can  be  generated  by 
50  pounds  of  yaw  control  force,  whichever  is  less.  If  a  variation  of  pitch 
control  force  w-ith  sideslip  does  exist,  it  is  preferred  that  increasing  pull 
force  accompany  increasing  sideslip,  and  that  the  magnitude  and  direction  of 
the  force  change  be  similar  for  right  and  left  sideslips.  In  addition,  in  the 
steady  sideslip  conditions  specified  above,  a  margin  of  at  least  20  percent  of 
the  nominal  control  moment  in  pitch  shall  be  available  as  an  allowance  for 
the  control  of  gust  disturbances.  This  requirement  applies  in  level  flight  and 
in  climbs  and  descents  to  the  limits  of  the  appropriate  Flight  Envelopes. 

DISCUSSION 

This  requirement  is  essentially  a  combination  of  the  ideas  in  2.  18  of 
AGARD  4 08 A  (Reference  4o)  and  3.2.  3.7  of  MIL-F-8785B. 

There  are  two  primary  reasons  for  writing  requirements  on  the 
maximum  pitch  control  force  in  sideslips.  The  first  is  to  ensure  that  small 
amounts  of  sideslip  inadvertently  developed  during  normal  operations  do  not 
result  in  excessive  or  possibly  dangerous  angle-of-attack  or  pitch  attitude 
changes-  The  second  reason  is  simply  to  limit  longitudinal  corrections  re¬ 
quired  when  the  pilot  intentionally  changes  the  sideslip  angle,  as  in  cross- 
wind  operation-  The  intent  of  the  control  margin  portion  of  the  requirement 
is  to  enable  the  pilot  to  correct  attitude  changes  resulting  from  atmospheric 
disturbances  which  could  compromise  the  precision  of  flight  path  control, 
and  it  is  based  on  the  AGARD  408A  (Reference  46)  recuirement. 
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3.3.7  LATERAL- DIRECTIONAL  CHARACTERISTICS 

f 

GENERAL 

Before  discussing  the  lateral -directional  requirements  of  the  V/STOL 
Specification  (Reference  1),  it  is  perhaps  useful  to  examine  the  philosophy 
adopted  in  treating  the  whole  problem  of  lateral-directional  control  at  speeds 
between  35  knots  and  Vcon.  It  has  been  assumed  that  the  "conventional*  modes 
of  motion  have  emerged  from  the  hovering  cubic  situation,  and  that  “airplane  - 
like*  responses  and  hence  "airplane -like"  handling  qualities  parameters  are 
appropriate,  modified  as  necessary  by  low-speed  considerations.  This 
allows  requirements  to  be  placed  on  the  modal  parameters,  i.  e. ,  the  roots 
of  the  characteristic  equation.  However,  because  of  coupling  between  lateral 
and  directional  motions,  each  lateral-directional  requirement  can  have  im - 
plications  in  many  areas  of  flying  qualities.  Conversely,  each  flying  qualities 
area  is  generally  a  function  of  many  different  parameters-  For  example,  the 
rolling  moment  acting  on  an  aircraft  following  a  roll  control  command  input 
is  a  function  of: 

•  directional  stability 

•  yaw  due  to  aileron 

•  dihedral  characteristics 

•  roll  effectiveness  characteristics,  etc. 

Another  example  is  that  the  desired  directional  stability  characteris¬ 
tics  of  an  aircraft  can  be  dependent  upon  the  dynamic  effects  of  coupling 
between  roll  and  sideslip  following  a  roll  control  command  input. 

The  way  such  interactions  are  studied  is  by  changing  one  parameter 
at  a  time  while  keeping  all  the  other  parameters  at  values  known  to  be  good 
or  near  optimum.  Thus  the  Dutch  roll  mode  characteristics  specified  in 
3.  3.7.  1  of  the  V/STOL  Specification  are  “basic"  requirements,  that  is,  they 
have  been  developed  from  data  that  were  not  significantly  degraded  by  either 
coupling  or  turbulence  effects.  Other  documents  describe  additional  require¬ 
ments,  for  example  on  the  total  damping  of  the  Dutch  roll  mode,  based  on 
considerations  of  turbulence  (e.g..  References  10  and  84)  or  on  the  additional 
damping  that  is  a  function  of  Literal-directional  coupling  (e.g..  Reference  85). 

For  the  V/STOL  Specification,  as  in  MIL-F -8785B  (Reference  10),  the  re¬ 
quirements  associated  with  roll-sideslip  cv.  vpling  in  response  to  roll  control 
commands  are  written  in  terms  of  the  desired  aircraft  responses  rather  than 
in  terms  of  additional  requirements  on  modal  parameters  (3.3.8  of  V/STOL 
Specificatir  a.  Reference  1).  Another  example  of  this  approach  is  that  the 
spiral  stability  requirements  are  written  in  terms  of  the  time  it  takes  for 
the  bank  angle  to  double  rather  than  in  terms  of  a  first-order  time  constant. 
Thus  the  requirement  includes  control  system  and  trim  effects  which  are 
considered  to  be  more  representative  of  the  spiral  behavior,  as  notea  bv  the 
pilot,  than  the  first-order  spiral  mode  time  constant.  This  approach  \  leids 
considerable  insight  into  the  effects  of  the  coupling  parameters,  and  is 
useful  to  the  aircraft  designer  when  developing  design  trade-offs  and  to  the 


263 


activity  responsible  to  check  compliance  since  the  measures  used  are  easily 
obtainable  from  flight  test  records  and  are  directed  at  what  the  pilot 
experiences  in  flight. 

The  philosophy  of  developing  requirem  *s  on  a  particular  parameter 
when  the  effects  of  other  parameters  have  be  -  inimized  then  leads  to  an 
interesting  question.  While  this  approach  may  be  valid  if  the  vehicle  meets 
all  Level  1  requirements,  what  is  the  Level  of  flying  qualities  for  example 
for  the  roll-sideslip  requirements  if  the  Dutch  roll  mode  is  Level  Z?  In 
other  words,  if  the  vehicle  meets  the  Level  1  requirement  but  has 

Level  Z  Dutch  roll  mode  characteristics,  what  would  be  the  resulting  Level 
of  flying  qualities  for  the  aircraft?  This  question  in  reality  is  related  to  the 
more  general  question,  when  two  or  more  parameters  are  degraded  together 
(e.  g. ,  to  Level  Z)  what  is  the  resultant  overall  *.<\Vel  of  flying  qualities, 
(Level  Z  or  Level  3)?  In  general,  this  question  cannot  be  answered  based  on 
the  presently  available  data.  Some  indication  of  the  resulting  pilot  rating 
from  combining  requirements  for  configurations  examined  in  Reference  86  is 
presented  in  the  discussion  of  requirement  3-  3.  8.  1  of  the  V/STOL  Specifica¬ 
tion,  and  illustrated  cm  Figure  11(3.  3-8.  1).  These  data  show  that  two  Level 
Z's  can  indeed  give  a  pilot  rating  equivalent  to  Level  3,  though  this  is  not 
always  the  re-ult.  This  example  serves  to  show  that  a  configuration  having 
a  series  of  Level  Z  characteristics  should  be  investigated  very  carefully  and 
that  it  is  certainly  possible  that  an  aircraft  designed  to  satisfy  most  of  the 
Level  Z  requirements  could  actually  be  a  Level  3  aircraft. 
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3.  3.7.  1 


LATERAL- DIRECTIONAL  OSCILLATIONS  (DUTCH  ROLL* 


REQUIREMENT 

3.3.7.  I  Lateral-directional  oscillations  (Dutch  roil).  The  frequency,  * 
and  damping  ratio,  ,  of  the  lateral-directional  oscillations  following  a 

disturbance  input,  for  example  a  yaw  control  doubi  shall  exceed  the  min¬ 
imum  s  specified  on  figure  2.  The  requirements  s'\ail  be  mei  with  controls 
fixed  and  with  them  free  for  oscillations  of  any  magnitude  that  might  be 
experienced  in  operational  use.  If  the  oscillation  is  nonlinear  with  amplitude, 
the  requirements  shall  apply  to  each  cycle  of  the  oscillation.  Residual  oscil¬ 
lations  may  be  tolerated  only  if  the  amplitude  is  sufficiently  small  that  the 
motions  are  not  objectionable  and  do  not  impair  mission  performance.  With 
control  surfaces  fixed,  u)n*  shall  always  be  greater  than  zero. 

DISCUSSION 

The  intent  of  this  requirement  is  to  establish  Dutch  roll  modal  param¬ 
eters  for  the  forward  flight  speed  regime,  that  are  not  only  compatible  with 
the  hover  and  low  speed  requirements  (3.2.2)  of  the  V/STOL  Specification 
and  the  requirements  of  3.  3.  1.  1  of  MLL-F-8785B  at  V con,  but  in  addition, 
reflect  the  limited  data  available  for  V/STOL  aircraft  in  this  speed  region. 

The  requirement  is  primarily  based  on  the  results  of  a  recent 
in-flight  investigation  of  lateral-directional  handling  qualities  in  low  speed 
maneuvering  flight  (Reference  86).  Figure  1(3.  3.7.  1)  presents  the  pilot 
ratings  for  several  of  the  configurations  investigated  in  Reference  86. 

Those  data  points  presented  are  for  configurations  where  pilot  comments 
indicated  that  the  rating  was  not  downgraded  by  requirements  appearing  in 
other  sections  of  t^e  V/STOL  Specification  (e.g. ,  the  roll-sideslip  coupling 
requirements  of  Section  3.  3.  8)  and  primarily  reflect  the  influence  of  the 
Dutch  roll  modal  parameters.  It  should  be  noted  that  the  roll  mode  and  spiral 
mode  time  constants  were  held  fixed  during  the  in-flight  investigation  at 
values  compatible  with  the  Level  I  requirements  of  3.  3.  7.  2  and  3.  3.  7.  3 
respectively  of  the  V/STOL  Specification-  The  low  frequency  (  =  .  23 

radian/ second)  data  obtained  during  the  in-flight  experiment  indicates  that 
for  Level  1  flying  qualities  in  tasks  that  require  precise  flight -path  control 
(Flight  Phase  Categories  A  and  C),  a  minimum  level  of  u>„ ^  should  be 
specified.  For  the  V/STOL  Specification  this  minimum  was  selected  at 
.25  rad/ sec.  The  value  selected  is  based  on  the  data  presented  in  Reference 
86,  that  in  general,  for  maneuvering  flight,  a  value  of  =  .  25  rad/sec  was 
not  rated  Level  1  regardless  of  damping  ratio[Figure  1(3.  3.7.  1)J  .  MIL-F- 
8785B  (Reference  10)  establishes  minimum  values  of  of  either  0. -t  or 
1.0  rad/sec  based  on  Class  and  Flight  Phase  Category.  The  limited  data 
available  for  V/5TOL  aircraft  do  not  permit  establishment  of  minimum  values 

of  cor  based  on  Class. 

*0 

The  purpose  of  requiring  that  >  O  with  control  surfaces  fixed  is 
to  prescribe  a  short-term  restoring  tendency  in  yaw  for  the  basic,  unaugmen¬ 
ted  aircraft,  i.  e. ,  ’weathercock"  stability  {  N^g  >  0  )  for  the  bare  airframe. 


2c3 


^  LEVEL  2 


_  -O 
'd  *d 


Figure  2  LATERAL  DIRECTIONAL  OSCILLATORY  REQUIREMENTS 
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Although  using  the  device  of  to  prescribe  **  might  appear  at  first  glance 

to  be  an  unfortunate  choice  of  notation,  it  should  be  remembered  that  for  a 
first  approximation  to  the  Dutch  roli  mode  obtained  by  setting  0-0  and  the 
assumption  of  straight  line  motion,  -  fJjs  (Reference  To).  Flight  tests 
conducted  by  NASA  (Reference  67)  indicated  that  the  minimum  value  of 
"static"  directional  stability  is  a  function  of  dihedral  effect,  however,  tte 
report  concluded  that  a  minimum  value  of  “static"  directional  stability  (i.e., 

weathercock  stability)  for  the  tests  conducted,  was  -  -5  r ^  /sec  . 

*  rad 

Since  the  data  available  are  limited,  the  V/SiOL  Speciiicauon  only  ieq_ires 
positiv'e  stability  without  specifying  a  desired  value  for  "weathercock"  sta¬ 
bility. 


Reference  73  contains  a  compilation  of  various  NASA  investigations 
into  the  airworthiness  of  STOL  aircraft.  This  report  recommends  that,  for 
satisfactory  operation,  the  Dutch  roll  period  should  be  iess  than  12  seconds, 
and  the  time  to  half  amplitude  for  the  Dutch  roll  mode  should  be  iess  than 
8  seconds;  for  safe  operation,  the  Dutch  roli  mode  should  be  stable. 

The  data  contained  in  Reference  73  for  Dutch  roll  modal  parameters 
are  illustrated  on  Figure  2(3.  3.7.  1),  together  with  the  Level  1  boundary  of 
the  V/STOL  Specification.  It  should  be  noted  that,  as  explained  in  Reference 
'  many  of  the  poorer  ratings  are  associated  with  loli-sidesiip  coupling  or 
unsatisfactory  spiral  mode  characteristics  and  do  not  entirely  reflect  prob¬ 
lems  associated  with  the  Dutch  roll  mode.  In  addition,  the  data  indicate  the 
results  of  utilizing  improper  augmentation  (e.g.,  for  the  NC-130B  using 
augmentation,  the  Dutch  roll  mode  damping  ratio  was  improved  but  resulted 
in  large  sideslip  angles  in  steady  turns).  In  general,  the  NASA  criteria  are 
overly  restrictive  for  long  period  Dutch  roll  modes  wnen  compared  witn  the 
results  of  Reference  66  shown  on  Figure  1  (3.  3.  7.  1).  In  addition,  the 
criteria  of  Reference  73  re  ect  the  augmented  367-60  and  the  sideslip  rate 
augmented  NC-130B,  both  of  which  had  pilot  ratings  of  3.5.  The  data 
presented  by  NASA  in  Reference  73  are  in  general  agreement  with  tne 
V /STOL  Specification  at  moderate  Dutch  roll  frequencies. 

Dutch  roll  oscillation  data  for  several  investigations  have  been  col¬ 
lected  and  analyzed  in  Reference  65.  The  author  separates  Dutch  roll  modal 
requirements  into  "basic*  and  "additional".  The  additional  requirements 
are  generally  directed  at  desired  aircraft  response,  while  the  "basic"  re¬ 
quirements  are  essentially  directed  at  open-loop  modal  behavior.  Reference 
6i  concludes  that*  basic"  damping  requirements  appear  to  be  specified  better 
in  terms  of  total  damping  then  damping  ratio,  i.e.,  ,  rather  than  . 

In  addition,  for  satisfactory  handling  qualities  (Level  1)  tne  value  of 
should  be  greater  than  0.2  to  0.  3  for  all  frequencies  between  0.8  and  6  radians/ 
second,  and  unsatisfactory  pilot  ratings  will  occ_r  for  the  same  frequencies 
when  the  aircraft  is  neutrally  damped. 

An  examination  o:  the  data  in  Reference  from  the  point  of  view  of 
rather  than  <*3-^  shows  that  the  correlation  o:  satisfactory  pilot  rating 
with  2d  i  0.08  is  at  least  as  good  as  3^  &Wg>0.  2.  Ln  fact  as  frequency 


increases  the  data  indicates  a  trend  requiring  increased  damping  ratio  rather 
than  keening  constant. 

The  possible  need  for  increasing  ^  as  o?J  increases  above  about 
2.5  radians /second  is  also  indicated  by  data  in  Reference  &8.  This  study 
examined  several  configurations  with  Dutch  roll  frequency  of  3  radians/ 
second  and  pilot  ratings  were  3.9  to  4.3  on  the  Cooper  scale,  when  - 
0-  1;  however,  when  was  increased  to  0.4,  pilot  rating  varied  between 
3.  1  and  3.4.  It  should  be  noted  that  these  ratings  were  relatively  insensitive 
to 

The  specified  value  of  =  .08  for  u)s^ ■/ >  .5  (Level  1)  is 
generally  consistent  with  existing  data  as  previously  indicated  and  is  com¬ 
patible  with  MIL-F-8785B  requirements.  It  appears  that  the  required  level 
of  Dutch  roll  damping  might  be  insufficient  at  Dutch  roll  frequencies  above 
approximately  2.  3  rad/sec  due  to  turbulence  response,  however,  insufficient 
data  are  available  for  V/STOL  aircraft  to  impose  any  additional  requirement 
at  tills  time  and  further  research  is  required. 

Figure  3(3.  3.7.  1}  illustrates  data  obtained  from  both  simulation 
studies  and  in-flight  research,  conducted  by  NASA  (Reference  89),  on  the 
lateral-directional  characteristics  of  transport  aircraft  operating  at  STOL 
airspeeds.  This  illustrates  that,  although  pilot  rating  can  degrade  signif¬ 
icantly  as  the  Dutch  roll  mode  becomes  unstable,  mild  instability  is  accep¬ 
table  for  Levels  2  and  3  flying  qualities  in  the  landing  approach  at  speeds 
between  80  and  90  knots.  This  information  tends  to  support  the  data  ob¬ 
tained  from  the  m-flight  experiment  (Reference  86)  which  was  conducted  at 
approximately  50  knots. 

Figure  4(3.  3.7.  1)  is  a  comparison  of  the  Dutch  roll  modal  character¬ 
istics  of  the  X-22A  with  the  requirements  of  the  V/STOL  Specification,  based 
on  taking  a  mean  line  through  the  data  presented  on  Figure  16  of  Reference 
37.  Although  pilot  rating  data  were  not  presented  in  Reference  37  for  the 
Dutch  roll  cnaracteristics,  it  is  noted  that  increasing  or  decreasing  airspeed 
from  80  knots  (the  30  degree  duct  angle  condition)  improved  Dutch  roll 
damping  characteristics,  and  Reference  90  reports  that  the  stability  charac¬ 
teristics  oi  the  Dutch  roll  oscillatory  mode  were  acceptable  for  the  flight 
research  role. 

Dutch  roll  oscillatory  characteristics  of  the  AH-1G  (Huey  Cobra)  are 
presented  on  figure  3(3.  3.7.  1)  based  on  the  data  obtained  in  a  Phase  B  test 
reported  in  Refe.-ence  91.  The  reference  describes  the  Dutch  roll  mode  as 
excellent  with  t>CAS-OX.  With  uCAS-OFF,  the  low  lateral-directional 
damping  was  not  considered  sufficiently  severe  to  limit  the  safe  flight  envelope 
of  the  helicopter,  however,  it  is  noted  that  mission  effectiveness  withSCAS-OFF 
can  be  degraded-  These  comments  are  quite  consistent  with  the  Level  2 
detir.ition,  and  the  data  presented  agree  quite  well  with  the  V/STOL  require¬ 
ments - 


2ce 


figures  £>{3.3.7.  1)  through  12{3.  3.7.  1)  indicate  how  several  existing 
V/STOL  aircraft  and  helicopters  compare  to  the  Dutch  roll  requirement  of 
the  V/STOL  Specification.  These  data  are  based  upon  the  modal  parameters 
tabulated  in  References  13  and  16.  This  information  is  presented  to  indicate 
general  trends  of  existing  V/STOL.  aircraft  and  cannot  be  evaluated  because 
of  the  lack  of  pilot  ratings  and  pilot  comments. 


Figure  1  (33.7.1)  AVERAGE  PILOT  RATINGS  VS  DUTCH  ROLL  REQUIREMENTS 
(BASED  ON  DATA  FROM  REFERENCE  86) 
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Figure  3  {33.7 A)  PILOT  OPINION  OF  DUTCH-ROLL  DAMPING  (FROM  REFERENCE  89} 
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Fwn*  4  (33.7.1)  DUTCH  ROLL  FREQUENCY-DAMPING  CHARACTERISTICS  OF  X-22A 
(CONFIGURATION  A.  AUGMENTED)  (DATA  FROM  REFERENCE  37) 
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Fipire  5  (33.7.1)  DUTCH  ROLL  FREQUENCY— DAMPING  CHARACTERISTICS  OF  AH— 1G 
(DATA  FROM  REFERENCE  91) 
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Rpn  6  (33.7.1)  DUTCH  ROLL  FREQUENCY— DAMPING  CHARACTERISTICS  OF  UB-ID 
(DATA  FROM  REFER  BiCE  16) 
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F«me7  {33.7.1)  DUTCH  ROLL  FREQUENCY-DAMPING  CHARACTERISTICS 
OF  SH-3A  (DATA  FROM  REFERENCE  16) 
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Figure  8  (3-3.7.?)  DUTCH  ROLL  FREQUENCYDAMP1NG  CHARACTERISTICS  OF  K-19 
(DATA  FROM  REFERENCE  ?6) 
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12  (Xa7.1)  DUTCH  ROLL  FREQUENCY-DAMPMG  CHARACTERISTICS  OF 

X-22A  CDATA  FROM  REFERENCE  13) 


i 


3.  3.7.2 


ROLL  MODE  TIME  CONSTANT 


REQUIREMENT 

3.  3. 7.  2  Roll  mode  time  constant.  The  roll  mode  shall  be  stable  and  the 
time  constant,  ,  shall  be  less  than  the  following: 

Level  1:  1.4  seconds 

Level  2:  3.  0  seconds 

Level  3:  10.0  seconds 


DISCUSSION 

This  requirement,  which  is  directed  at  precision  of  control,  is  essen¬ 
tially  similar  to  3.3.  1.2  of  MIL-F -8785B{ASG)  (Reference  10).  The  amount 
of  roll  damping  has  considerable  effect  on  the  roll  response  of  an  aircraft 
both  for  pilot  inputs  and  in  the  presence  of  gusts.  A  considerable  number  of 
experiments  have  been  conducted  to  illustrate  that  pilot  rating  is  a  function 
of  roll  damping.  Roll  damping  is  generally  expressed  in  terms  of  the  first- 
order  roll  mode  time  constant,  Tg  ,  of  the  roll  rate  response  following  a 
lateral  command  step  input.  Thus,  the  requirement  has  been  specified  on 
roll  mode  time  constant. 

Reference  92  presents  the  results  of  several  experiments  to  evaluate 
the  effect  of  roll  mode  time  constant  on  pilot  rating.  These  data  are  pre¬ 
sented  on  Figure  1(3.  3.7.  2).  This  reference  concludes  that  no  improvement 
in  pilot  rating  results  for  roll  mode  time  constant  variations  between  0.  5  to 
1.0  seconds,  and  that  the  maximum  value  of  roll  mode  time  constant  con¬ 
sidered  necessary  for  a  pilot  rating  of  3.  5  in  about  1.  3  seconds.  Reference 
76  indicates  that  a  "critical"  value  of  roll  mode  time  constant  is  approxi¬ 
mately  one  second,  and  that  as  increases  above  this  value,  rapid  roll 
response  cannot  be  achieved  by  the  pilot  in  a  simple  closed-loop  task  without 
overshooting,  and  undesirable  oscillations. 

Reference  73  describing  airworthiness  considerations  for  STOL  air¬ 
craft  presents  roll  mode  data  obtained  by  NASA  on  various  experiments. 

This  is  illustrated  on  Figure  2(3.  3.  7.2).  Based  on  this  information,  NASA 
suggests  as  a  criteria  in  Reference  73  that  for  "satisfactory  operation"  the 
roll  mode  time  constant  should  be  less  than  2  seconds,  while  for  "safe 
operation*  the  roll  mode  time  constant  should  be  less  than  4  seconds. 

Examination  of  the  data  presented  on  Figure  1(3.  3.7.2)  and  Figure 
2(3.  3-7.2)  indicates  that  values  of  Te  equal  to  approximately  1.4  seconds 
and  3  seconds  are  consistent  with  the  relationship  between  pilot  rating  and 
boundaries  for  Level  1  ana  Level  2  flying  qualities  respectively. 

The  Level  3  value  of  =  10  seconds  is  based  on  the  requirements  of 
MIL-F -8785B{A5G)  (Reference  10).  While  this  value  is  arbitrary,  it  does 
legislate  against  unstable  roll  modes  while  not  eliminating  acceleration-like 
responses  to  control  inputs. 
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Figure  1  (33.7.2)  PILOT  RATING  VERSUS  ROLL  DAMPING  -  FLIGHT  TEST, 
MOVING-BASE,  FIXED-BASE  WITH  RANDOM  kNPlH 
(FROM  REFERENCE  92} 
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Figure  2  (33.7.2)  ROLL  MODE  TIME  CONSTANT  OF  STOL  AiRCRAR 
(DATA  FROM  REFERENCE  73} 
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3.  3.7.3  SPIRAL  STABILITY 
REQUIREMENT 

3.  3.  /.  3  spiral  stability.  The  combined  effect  of  spiral  stability,  flight- 
control  system  characteristics,  and  trim  Change  with  speed  shall  be  such 
that  following  a  disturbance  in  bank  of  up  to  10  degrees,  the  time  for  the 
bank  angle  to  double  shall  be  greater  than  the  following: 

.Level  1:  20.0  seconds 

Level  2;  12.0  seconds 

Level  3:  4.0  seconds 

These  requirements  shall  be  met  with  the  cockpit  controls  free  and  the  air- 
c raft  trimmed  for  zero- bank- angle,  zero-yaw- rate  flight. 

DISCUSSION 

The  requirements  on  spiral  stability  are  aimed  primarily  at  ensuring 
low  divergence  rates  from  a  zero -bank -angle  flight  path  during  periods  of 
pilot  inattention  or  when  task  requirements  might  momentarily  divert  pilot 
attention  irom  flight  path  control.  The  requirement  is  essentially  similar  to 
3 .  3 .  1 .  3  of  MIL-F-87S5B  (Reference  10)  in  that  the  requirement  includes  the 
combined  effects  of  the  flight  control  system,  lateral  trim  change  with  speed 
as  well  as  the  constant- speed  spiral  stability  characteristics.  This  is  more 
representative  of  the  “apparent*  spiral  behavior  noted  by  the  pilot  than  the 
constant-spt  ed  spiral  stability  effects  alone,  and  the  requirement  is  written 
i o  include  these  effects  rather  than  place  limits  on  ^  ,  the  first-order 
spiral  mode  time  constant. 

The  present  requirement  is  applied  to  bank  angle  disturbances  “up  to 
10  degrees*  rather  than  the  20  degrees  of  MIL-F-878SB(ASG)  in  order  to  be 
more  compatible  with  the  lower  flight  speeds  under  consideration  in  the 
V  /STOL  Specification  and  is  based  on  comments  in  Reference  73  and  require¬ 
ment  3.7.  }.  5  of  Reference  47. 

Reference  73  recommends  that  the  spiral  stability,  as  measured  by 
time  to  double  amplitude  of  bank  angle,  should  not  be  less  than  20  seconds 
"or  satis-acto-y  operation,  nor  less  than  5  seconds  for  safe  operation.  The 
data  used  in  Reference  73  are  presented  or.  Figure  1(3.  3.7.3),  and  compared 
with  the  requirements  of  the  V/STOL  Specification. 

Re.ercnct*  v,‘  presents  the  results  of  a  recent  in-flight  investigation 
primarily  directed  at  determining  the  effect  oi  the  spiral  mode  or.  the  re¬ 
sponse  of  an  aircraft  sr.  cruising  flight.  It  also  investigated  the  relation¬ 
ships  between  acceptable  spiral  stability  limits  and  lateral-directional 
c\n<sm:r.«  <~<i  control  characteristics.  Although  the  configurations  evaluated 
co  no.  r..<.  •  i  r.e  Level  1  Dutch  roll  frequency  -  damping  requirements, 

(3.  5.  ..  1)  lOL  Specification,  the  results  do  indicate  that  pilot 

rating  can  be  acceptable  for  :2  >  20  seconds  and  degrades  significantly  as 
"'z  decreases.  Tne  results  of  this  experiment  are  in  general  agreement 
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with  the  spiral  stability  requirements  of  the  V/STOL  Specification. 

It  should  be  noted  that  the  V/STOJL  requirements  on  spiral  stability 
are  equal  to  the  most  lenient  of  the  spiral  stability  requirements  (3.  3.  1.  3) 
of  MLL-F-8785B  (Reference  10).  That  is,  the  V /STOL  Specification  require¬ 
ment  on  spiral  stability  is  the  same  as  the  Class  II  and  Class  HI  require¬ 
ment  for  all  Flight  Phases  and  Class  I  and  Class  IV  requirement  for  Flight 
Phase  Categories  B  and  C. 
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Figure  1  (33.7.3)  VARIATION  OF  PILOT  RATING  WITH  SPIRAL  STABILITY 


(FROM  REFERENCE  73) 


3.3.8 


ROLL- SIDES  LIP  COUPLING 


o 
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REQUIREMENT 

3.3.8  Roll-sideslip  coupling.  The  requirements  on  roll-sideslip  coupling 
are  stated  in  terms  of  allowable  bank  angle  oscillations,  sideslip  excursions, 
roll  control  forces  and  yaw  control  forces  that  occur  during  specified  rolling 
and  turning  maneuvers.  The  requirements  of  3.  3.  8.  1  and  3.  3.  8.  2  apply  for 
both  right  and  left  roll  control  commands  for  all  magnitudes  up  to  the  mag¬ 
nitude  required  to  meet  the  roll  performance  requirements  of  3-3.9,  unless 
otherwise  stated. 

DISCUSSION 

This  section  of  the  V  /STOL  Specification  places  both  quantitative  and 
qualitative  requirements  on  the  coupling  that  can  exist  between  roll  and  side¬ 
slip  for  turns  and  moderate  bank  angle  change  maneuvers  such  as  turn  entry. 
In  contrast  to  most  other  requirements  which  specify  desired  response  to 
control  inputs,  the  requirements  of  this  section  are  directed  at  restricting 
undesired  responses  resulting  from  initiation  of  the  previously  mentioned 
maneuvers.  These  unwanted  couplings  between  the  roll  and  sideslip  re¬ 
sponses  can  detract  from  precise  flight  path  control,  increase  pilot  workload 
by*  placing  additional  demands  on  control  coordination,  and  can  contribute  to 
PIO  tendencies.  From  a  flying  qualities  viewpoint,  roll-sideslip  coupling 
manifests  itself  in  various  ways  dependent  upon  the  ratio  of  amplitudes  of 
the  bank-angle  and  sideslip-angle  envelope  in  the  Dutch  roll  mode  (Itfald  )- 

For  relatively  low  values  of  l0//fld  »  sideslip  per  se  is  perhaps  the 
most  important  cue  to  th e-pilot.  For  these  cases,  if  roll  rate  or  roil  control 
commands  excite  excessive  sideslip,  the  flying  qualities  can  be  degraded  by 
such  motions  as  an  oscillation  of  the  nose  on  the  horizon  during  a  turn,  a  lag 
or  initial  reversal  in  yaw  during  a  turn  entry,  or  by  pilot  difficulty  in  quickly 
and  precisely  acquiring  a  desired  heading.  In  addition,  the  pilot  cannot 
successfully'  damp  out  Dutch  roll  oscillations  excited  by  application  of  the 
roll  control  by  use  of  the  roll  control  alone. 

As  the  value  of  Wfild  increases,  the  pilot  generally  complains  less 
about  sideslip  and  essentially  directs  his  comments  at  any  difficulty  in  pre¬ 
cisely  controlling  roll  rate  or  in  acquiring  a  desired  bank  angle.  The  coupling 
of  &  with  p  and  for  these  values  results  primarily  in  large  oscil¬ 

lations  in  the  -p  or  response.  For  extremely  large  values  of  \$/0] d  the 
sensitivity  of  the  aircraft  to  turbulence  may  be  so  great  that  the  aircraft  may 
never  be  considered  to  be  very  good. 

Another  factor  that  has  been  considered  in  addressing  the  problems 
associated  with  roll-sideslip  coupling  is  the  ability  of  the  pilot  to  control  or 
prevent  undesired  motions  by  coordination  of  yaw  control  commands.  If 
the  aircraft  is  relatively  easy  to  coordinate  using  normal  piloting  techniques, 
then  the  pilot  may  be  more  tolerant  of  large  undesired  responses  since  he 
can  effectively  control  these  responses.  On  the  other  hand,  if  coordination 
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is  difficult,  the  pilot  may  only  tolerate  small  unwanted  motions  since  he 
must  accept  these  motions  and  attempts  to  coordinate  might  only  aggravate 
the  undesired  response.  The  parameter  | is  introduced  as  a  factor  to 
indicate  the  difficulty  of  coordination,  where  is  a  measure  of  the  Dutch 
roll  mode  phasing  in  the  response  of  sideslip  to  an  aileron  command. 

The  bank  angle  oscillation  and  sideslip  requirements  were  derived 
empirically  from  experimental  in-flight  and  flight  test  data  generated  from 
aircraft  with  conventional  modal  characteristics-  The  theoretical  discussion 
contained  in  the  following  few  sections  of  this  report,  which  is  based  on 
linear  conventional  responses,  is  included  to  give  some  insight  on  why  it  is 
possible  to  correlate  the  empirical  data  with  the  selected  parameters - 

It  is  necessary  to  tie  these  requirements  to  a  specific  input  and 
specific  measures  of  the  responses  in  order  to  specify  them  precisely  and 
unambiguously-  However,  it  is  recognized  that  other  techniques  might  be 
available  whereby  the  required  data  can  be  obtained.  If  the  phase  angle,  4  p//?  » 
cannot  be  measured,  the  requirements  can  still  be  applied  as  long  as  the  sign 
of  the  dihedral  effect  is  known.  This  is  illustrated  in  Reference  84;  when 
dihedral  effect  is  positive,  jp  will  Iead/9  by  45*  to  225*  in  a  free  Dutch  roll 
excitation,  and  -p  will  lead  f5  by  225*  through  360"  to  45"  for  negative 
effective  dihedral. 


During  the  development  of  the  roll-sideslip  coupling  requirements 
(3.  3.  8,  3.  3.  8.  1,  3.  3.  8.  2)  questions  were  raised  as  to  whether  or  not  placing 
requirements  on  0^/0*  „  ,  J&,  j  and/^d/k/x/tf^/j  would  result 

in  overspecification-  This  is  questionable  especially  since  the  requirements  are 
essentially  directed  at  the  same  coupling  derivatives,  and  the  demarcation 
between  sideslip  problems  and  bank  angle  problems  for  V/STOL  aircraft 
operating  between  35  knots  forward  airspeed  and  Vcon  may  not  be  as  marked 
for  aircraft  operating  above  Vcon.  Figure  1(3.  3.8)  presents  a  plot  of 


versus  $o*c.l f°r  typical  configurations  examined  in 
Reference  86.  As  can  be  noted  from  the  figure,  the  sideslip  criteria  appear 
to  be  a  more  sensitive  measure  as  the  response  changes  from  slightly 
adverse  to  proverse.  while  the  0#sc/^«r  metric  appears  to  be  most  sensi¬ 
tive  as  the  response  becomes  increasingly  adverse,  that  is, 

>  _  r  _  ...  . 

AfJ'f  *  when  increases  in  a  positive  (proverse)  sense  and  vice 

versa  when  increases  in  a  negative  (adverse)  sense.  It  is  then  rea¬ 

sonable  to  assume  that  the  measure  which  experiences  the  greatest  change 
would  tend  to  serve  as  a  better  parameter  to  correlate  with  pilot  rating,  in 
order  to  determine  the  dependency  of  the  pilot  rating  with  yaw-  due  to 
aileron.  Thus  all  measures  are  considered  necessary  to  fully  understand 
the  responses  of  a  particular  aircraft. 


« » 
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Figure  1  (3,3,8)  8EN8ITIVITV  OF  ROLL-8IDE8UP  COUPUNQ  PARAMETERS 
(CONFIGURATION  LH _ +20-1- _ _  REFERENCE  88) 
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3.  3.  8.  1  BANK  ANGLE  OSCILLATIONS 
REQUIREMENT 

3.  3.8.  1  Bank  angle  oscillations.  The  value  of  the  parameter 
following  a  yaw-control-free  impulse  roll  control  command  shall  be  within 
the  limits  specified  in  figure  3  for  Levels  1  and  2.  The  impulse  shall  be  as 
abrupt  as  practical  within  the  strength  limits  of  the  pilot  ar-’  the  rate  limits 
of  the  roll  control  system-  For  Levels  1  and  2,  &Ar  shall  tys  be  in  the 
direction  of  the  roll  control  command. 


Figure  3  BANK  ANGLE  OSCILLATION  LIMITATIONS 


DISCUSSION 

This  requirement  is  directed  at  precision  of  control  of  bank  angle, 
and  is  related  to  requirements  3.  3.  2.  2.  1  and  3.  3.  2.  3  of  MIL-F-8785B(ASG) 
(Reference  10). 

.  In  applying  requirement  3.  3.  2.  2.  1  of  MIL-F-8785B(ASG)  to  V/STOL 

‘  '  configurations  with  long  Dutch  roll  period  (7^  >6  sec)  and  light  damping 

f  ratio,  it  was  found  that  in  order  to  determine  Po^  / Pav  for  these  config- 

'  urations,  excessive  bank  angle  changes  could  result  during  step  responses. 

For  a  linear  representation,  an  equivalent  requirement  that  would  not  result 
;  in  excessive  bank  angle  changes  is  to  specify  requirements  on  &5C./04*'' 

following  a  roll  command  pulse  input  rather  than  -p^c.  / Pa*  for  a  roll 
•  command  step  input.  This  was  also  recognized  in  MIL- F- 8785 B(ASG)  and 
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gave  rise  to  requirement  3.  3.2.3  in  that  specification.  The  advantages  of 
using  a  pulse,  rather  than  a  step,  are: 


•  much  larger  inputs  may  be  used  since  large  hank  angles  do 
not  result,  and, 

•  may  be  easier  to  measure  since  the  trace  will  not 
tend  to  ramp. 

F rom  an  examination  of  linear  transfer  functions  it  can  be  determined 
that  the  magnitude  of  for  a  pulse  is  identical  to  the  magnitude  of 

-f&i ^  /  -p/{r  for  a  step  command.  Also,  the  phase,  |£j  ,  for  a  pulse  is 
(90  +  sin-*  ^  )  degrees  more  positive  than  'fp  for  a  step. 

Thus,  the  bank  angle  oscillation  requirements  of  the  V/STOL  Specifi¬ 
cation  are  based  on  3.  3.2.  3  of  the  MIL-F-8785B.  A  detailed  theoretical 
discussion  of  3.  3.  2.  2.  1  and  3.  3.2.  3  (Reference  10)  is  presented  in  Reference 
84,  and  will  not  be  repeated  in  this  document. 

The  parameters  / 0^  and  will  not  give  a  measure  of  the 

relative  location  of  the  numerator  of  the  0/5^  transfer  function  with  respect 
to  the  Dutch  roll  mode,  but  are  relatively  easy  to  obtain  from  flight  test 
records.  F rom  a  root  locus  analysis  of  a  closed- loop  compensatory  tracking 
task  it  can  be  shown  that  the  locations  of  the  zeroes  of  the  numerator  of  the 
0/<5*s  transfer  function  with  respect  to  the  Dutch  roll  mode  are  measures  of 
closed-loop  stability  and  difficulties  of  rudder  coordination  in  coordinated  turn 
entries  or  exits  (e.  g.  ,  References  76  and  84). 

The  following  discussion  will  yield  some  additional  insight  into  the 
requirements  and  the  effects  of  the  stability  derivatives  on  the 
requi  remen  t 


A  commonly  used  form  of  the  transfer  function  is  as  follows: 
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Additional  insight  can  be  obtained  if  the  following  relationships  are  introduced: 

Z%4  ^  = 


=  a)Z- 
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and  for  the  sake  of  simplicity  assume  that  the  spiral  mode  is  at  the  origin 
(  t/%  =  0).  thus  0/^.j  becomes 
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The  following  approximations  (Reference  98)  may  be  used  to  examine  A,  and 
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With  the  assumption  of  the  spiral  mode  at  the  origin,  i.  =  n 
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thus  z/  =  -  N*  and  the 


expressions  for  /3;  and  become: 
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Thus  from  the  simolified  expressions  for  &f  and  A2  it  becomes 
obvious  that  for  a  given  set  of  modal  parameters-  the  position  of  the  0/«5*5 
numerator  zero  with  respect  to  the  Dutch  roll  pole  is  strongly  dependent 
upon  a  relationship  between  yaw  due  to  aileron  (  )  and  yaw  due  to  roll 

rate  {  ).  This  relationship  is  examined  in  the  following  discussion. 

Figures  1(3.  3.8.  1)  through  4(3.  3.8.  1)  examine  the  effects  of  yaw  due 
to  aileron  for  several  configurations  evaluated  in  Reference  86. 
(Configurations  LH  +  100  _  t  20  ,  -with  N’  >0). 


Figure  1(3.  3.8.  1)  illustrates  the  effect  of  yaw  due  to  aileron  ll/g  ) 
on  the  magnitude  of  the  first  peak  of  the  bank  angle  response  to  a  roll  control 
pulse  {  0,  ).  This  tigure  illustrates  that  adverse  yaw  due  to  aileron  (Ng  *6) 
tends  to  decrease  0,  ,  now  ever,  the  effect  is  more  dependent  on  the  sfgn  of 
than  on  the  sign  of  .  Also,  when  **>-(.9/0.)  ^ 

is  approximately  the  value  that  would  be  obtained  from  a  first-order^approx- 
lmaticm  of  bank  angle  response. 


Figure  2(3.  3.8.  1)  illustrates  the  effect  of  yaw  due  to  aileron  on  0  !<$ 

It  should  be  noted  that  tends  to  a  minimum  value  when 

*4,  **>  *  (SW 

From  Figures  1  (3.  3.  8.  1)  and  2  (3.  3.  8.  I),  it  can  be  concluded  that 
inc.  easing  proverse  yaw  due  to  aileron,  with  respect  to  the  value  required 
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The  preceding  discussion  has  examined  the  effects  of  yaw  due  to 
aileron  on  0,  and  0^*,.  /  0,*y  -  This  is  only  a  p  irt  of  the  story  since  changing 

will  also  change  the  phasing  of  the  Dutch  roll  excited  in  the  response  of 
sideslip  to  aileron  (roll  control)  commands,  and  thereby  change  the  com¬ 
plexity  of  pilot  required  rudder  coordination  in  turn  entries  and  exits-  The 
question  remaining  then  is:  what  is  the  effect  of  yaw  due  to  aileron  on 
(the  measure  of  coordination  difficulties)?  Reference  99  illustrates  that  the 
rms  of  yaw  control  required  in  a  turn  entry  maneuver  is  minimized  when 

JL’zms  The  effects  of  yaw  due  to  aileron  on  are  illus¬ 
trated  on  Figure  3(3-  3-  8-  1),  with  respect  to  the  c/ $Mr  boundaries  of 

the  V/STOL  Specification-  As  expected,  minimization  of  $*sc.  / for  a 
given  configuration  results  in  of  approximately  -180*  or  -360*  depending 


on  the  sign  of  the  yaw  due  to  aileron  needed  to  set  Figure 

4(3-  3-8.  1)  transforms  the  previously  presented  data  into  the  s-plane,  and 


illustrates  the  mapping  of  the  Level  1  0^.  criteria  into  the  s-plane  for 

the  configurations  examined. 


Figure  5(3.  3.8.  1)  from  Reference  86  is  presented  for  comparison 
with  Figure  4(3.  3.  8.  1).  It  should  be  noted  from  Figure  5(3.  3.8.  1)  that  pilot 
comments  regarding  adverse  or  proverse  yaw  due  to  aileron  application  do 
not  adhere  to  either  a  line  of  —  1  or  =  0  as  would  be  expected 

from  the  simple  approximation  to  ,  but  rather  conform  to  the  re¬ 
lationship  -  It  should  also  be  noted  that  the  3.  5  pilot 

rating  iso-opinion  line  of  Figure  5(3-  3.8.  1)  is  more  restrictive  than  the 
boundary  shown  on  Figure  4(3.  3-8.  1)  for  Level  1  0o*c  J  0**  -  This  indi¬ 
cates  that  the  prima  ry  factor  in  pilot  rating  for  the  configurations  evaluated 
was  not  necessarily  precise  control  of  bank  angle.  This  point  will  be  picked 
up  during  the  discussion  of  the  sideslip  excursion  requirement  of  the  V/STOL 
Specification  (Paragraph  3.  3.  8-  2). 

The  previous  discussion  is  supplemental  to  that  appearing  in 
Reference  84  and  it  is  suggested  that  a  review  of  that  discussion  will  be  most 
useful  to  the  complete  understanding  of  the  requirement. 

The  most  significant  difference  between  the  V/STOL  Specification 
requirement  on  0<,s^/0*/-  and  that  of  MIL-F-8785B(ASG)  (Reference  10)  is 
that  the  regions  of  acceptable  flying  qualities  are  not  separated  by  Flight 
Phase  Category.  Thus  the  Level  1  / 0>rv  requirement  of  the  V/SxOL 

Specification  is  equivalent  to  the  Level  1  requirement  for  Flight  Phase 
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Categories  A  and  C  of  Reference  10,  while  the  Level  2  V/STOL  requirement 
is  equivalent  to  the  Flight  Phase  B  Level  2  requirement  of  MLL-F -8785B{ASG) 
{see  Figure  6(3.  3.  8.  l)j.  Pilot  rating  data  obtained  from  Reference--  86,  88, 
100,  and  101  are  presented  in  Figures  6(3.  3.  8.  1)  through  8(3.  3.  8.  1)  plotted 
on  a  grid  of  and  computed  for  a  pulse  roll  control  command. 

These  figures  provide  a  comparison  between  the  V /STOL  requirement  and 
available  experimental  data. 

Recently,  attention  has  been  directed  to  the  changes  in  when 
nonideal  command  inputs  are  used  (Reference  102).  The  perfect  impulse 
command  is  replaced  by  a  sequence  of  ramp  inputs,  such  that  the  result  is 
a  triangular  comrr  d  input.  The  results  of  the  analysis  are  illustrated  on 
Figure  9(3.  3.  8.  1).  The  time,  T,  is  one -ha If  of  the  duration  of  the  triangu¬ 
lar  command  input.  The  figure  illustrates  that  differences  in  are  a 
function  of  die  pulse  duration  and  the  Dutch  roll  period  and  damping  ratio. 
Examination  of  Dutch  roll  mode  characteristics  for  typical  V/STOL  air¬ 
craft  (Refe rences  13  and  16)  indicate  that  the  minimum  Dutch  roll  period  in 
the  speed  region  of  interest  is  of  the  order  of  3.  5  seconds.  Examination  of 
various  flight  test  programs  conducted  by  CAL  and  discussions  with  pilots 
indicate  that  a  pilot  is  capable  of  applying  a  manual  pulse  in  less  than  0.  6 
seconds,  thus  for  V/STOL  aircraft  flying  between  35  knots  forward  and 
120  knots  a  critical  value  of  T is  approximately  0.  086.  Examination  of 
Figure  9(3.  3.8.  1)  indicates  that  would  be  less  than  2  degrees.  In 

addition.  Reference  102 examined  the  effects  of  a  ramp  and  ho'  '  input  in  com¬ 
parison  to  a  perfect  step  for  .  These  results  are  snowu  on 

Figure  10(3.  3-8.  1),  and  for  the  critical  value  of  T previously  determined, 
the  effect  of  an  imperfect  step  input  on  /P/m  *s  negligible. 

For  the  imperfect  inputs  selected,  the  triangular  pulse  is  not  the 
derivative  of  the  ramp  and  hold  input,  however,  the  integral  of  the  triangu¬ 
lar  input  is  approximately  a  ramp  and  hold  with  an  additional  time  delay. 

Thus  the  magnitude  of  A  ((f^^  /&*,)  for  the  triangular  input  is  of  the  same 

order  of  magnitude  as  A  {-Prsc.  / )  for  the  ramp  and  hold.  Since  &(P*s!z]P*r) 
is  negligible  for  the  values  of  T  normally  associated  with  V/STOL  air¬ 
craft  below  Vcon,  then  A  )  should  also  be  negligible. 

Figure  11(3.3.8.  1)  is  presented  to  illustrate  the  pilot  rating  for 
configurations  evaluated  in  Reference  86  when  Level  2  Dutch  roll  mode 
characteristics  (3.  3.7.  1  of  V/STOL  Specification,  Reference  1)  are  com¬ 
bined  with  various  Levels  of  .  In  general  the  pilot  rating 

associated  with  these  configurations  is  still  at  least  Level  3,  but  no  simple 
rules  of  thumb  can  be  developed  to  predict  the  Level  of  flying  qualities 
associated  with  such  configurationS- 
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CONFIGURATIONS 


Flgur#  2  (3, 3,8,1)  EFFECT  OF  YAW  DUE  TO  AILFRON  ON  0  OSC/0  AV 


Rpve  4  {335.1}  EFFECT  OF  YAW  DUE  TO  AILERON  ON  LOCATION  OF  NUMERATOR 
ZEROS  OF  0/(fA s  TRANSFER  FUNCTION 
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Fi^ir?  5  (3-3.8.15  EFFECT  OF  CHANGING  ZEROS  TRANSFER  FUNCTION  A8CXJT 


~  *-0.  =  0-2  ON  PILOT  Ba  RATINGS*  i-f-|  =  02 

C»l  REFERENCE  8E3  *  *  V 


(FROM  REFER  BiCE  86} 
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(3,3.8, 1)  COMPARISON  OF  i  OSC^  <*AV  F0R  DATA  FR0M  REFERENCES 
WITH  REQUIREMENTS  OF  REFERENCES  1  &  10 
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fifure  10(13.8.1)  EFFECTS  OF  DUTCH  ROLL  CHARACTERISTICS  ON 

a^»scI?*y)  at  roll  mode  frequencies  OF  ao  AND  c© 

(FROM  REFERENCE  102  ) 


T 


EFFECTS  OF  VARIOU8  LEVELS  0 
MODE  CHARACTERISTICS  (DATA 


DISCUSSION 


This  requirement  is  directed  at  precision  of  control,  and  in  par¬ 
ticular  at  limiting  the  large  sideslip  angles  normally  generated  in  the  speed 
regime  between  35  knots  and  Vcon  when  commanding  0  -  These  large 

sideslip  angles  are  a  result  of  yaw  due  to  roll  control  application  (  N ) 
and  yaw  due  to  roll  rate  (  N’p  )-  The  previous  discussion  for  requirement 
3.  3.  8.  1  indicated  how  these  stability  derivatives  affect  bank  angle  control. 

The  discussion  of  this  requirement  (3.  3.8.2)  will  reflect  on  the  influence  of 
these  same  derivatives  on  the  sideslip  angle  response  to  roll  control  com¬ 
mands.  The  necessity  to  limit  sideslip  response  is  long  standing  and  various 
requirements  have  been  directed  at  suggesting  reasonable  limits.  For 
example,  AGARD  408A  (Reference  46)  and  RTM  37  (Reference  47)  have  an 
identical  requirement  under  the  heading  "Adverse  Yaw"  which  essentially 
limits  sideslip  angle  during  an  abrupt  rolling  maneuver  to  15  degrees  SAS 
on,  and  20  degrees  SAS  off.  MIL-F-8785B  (Reference  10)  has  requirements 
to  limit  sideslip  excursion,  however,  it  is  necessary  to  use  a  scaling  param¬ 
eter  that  is  dependent  upon  the  roll  control  effectiveness  requirements  to 
demonstrate  compliance.  While  scaling  of  the  undesired  response  (sideslip 
excursion)  with  same  measure  of  the  desired  response  (bank  angle  change) 
for  a  roll  control  command  is  considered  necessary  to  the  development  of  a 
pertinent  requirement,  the  dependence  on  roll  performance  requirements 
may  introduce  unnecessary  and  unwarranted  complications  in  a  requirement 
designed  to  limit  sideslip  excursion. 

NASA  investigations  into  the  lateral-directional  requirements  for 
aircraft  operating  at  STOL  airspeeds.  Reference  89,  utilize  the  ratio  of 
peak  sideslip  angle  to  peak  bank  angle  in  "rapid  turn  entries,  *  as  the  cross- 
coupling  parameter.  The  results  of  this  investigation  are  illustrated  in 
Figure  1(3.  3.8.2).  This  data,  and  additional  data  discussed  in  Reference  73 
illustrated  on  Figure  2(3.  3.  8.  2),  had  led  NASA  to  prescribe  recommenda¬ 
tions  that  A/S  [A  £  be  not  greater  than  0.  3  for  satisfactory  operation  (Pilot 
Rating  3.5)  and  0.-6  for  safe  operation  (Pilot  Rating  6.5).  As  defined,  this 
allows  any  amount  of  proverse  yaw  since  A/S  I A0  will  then  be  negative. 

Figure  1(3.  3. 8.  2)  suggests  that  only  small  amounts  of  proverse  yaw  are 
acceptable  for  safe  operation  so  presumably  the  intention  of  Reference  73 
is  to  exclude  proverse  yaw  entirely  and  restrict  adverse  yaw  to  CK  A/S/&0  <0.  3 
for  satisfactory  operation  and  0  <45/d#<0.  6  for' safe  operation.  While  the 
ratio  Afi/A0  appears  to  be  a  pertinent  parameter,  certain  problems  exist 
because  of  the  possibly  vague  definitions  given  for  Afi  and  for  a  "rapid  turn 
entry  maneuver  with  yaw  control  fixed. "  One  problem  is  that  the  definition 
of  A/3-p^  i.  e.  ,  peak  sideslip  excursion,  needs  clarification  for  configura¬ 
tions  where  the  sideslip  response  to  roll  control  commands  does  not  exhibit 
the  clearly  adverse  yaw  condition  illustrated  on  Figure  3(3.  3.  8. 2),  from 
Reference  103. 
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Another  problem  is  the  definition  of  the  “rapid  turn  entry"  maneuver 
used  to  determine  roll-sideslip  coupling.  The  abruptness  and  duration  of 
the  step-in  step-out  roll  control  command,  which  has  generally  .iot  been 
precisely  defined  in  the  NASA  investigations,  can  significantly  influence  the 
ratio  .  The  effect  of  the  input  on  becomes  important  as  the 

duration  of  the  input  approaches  the  period  of  the  Dutch  roll  mode.  This 
effect  is  illustrated  by  values  of  &/S/£0  calculated  for  the  following  con¬ 
figuration  selected  from  the  in-flight  experiment  (Reference  86), 
configuration  LH  124  4  20  +  24,  for  which  /0//5/^  =  .  2,  Cc^  =1.0  rad/ sec, 
cJf  -  1.24  rad/sec,  Xj  -  .2  X^  -  .24  and  Pilot  Rating  =  6,  7.  Thus  for 
geometrically  similar  inputs: 


— 

Input 

(as  described  in  Reference  73) 

Pure  Impulse 

1. 021 

■»ltecr+- 

0.  998 

- - 2  fee - r* 

0.  924 

r  l  -  .. 

j  — -  4-  cee  - ^ 

0.  670 

F rorn  the  above,  it  becomes  obvious  that  the  change  in  the  parameter 
associated  with  input  duration  can  exceed  that  normally  anticipated  from 
experimental  errors,  and  th~  NASA  claim  that  the  parameter  A^/d 0  is 
generally  not  dependent  on  control  input  rapidity  is  highly  questionable. 

As  illustrated,  a  configuration  which  would  not  satisfy  the  Reference  73 
criteria  for  a  very  abrupt  turn  entry,  could  be  made  to  satisfy  the  criteria 
b\  nothing  more  than  a  modification  of  pilot  control  technique.  It  mav  be 
noticed  that  the  time  history  reproduced  on  Figure  3(3.3.  8.2)  shows  an 
aileron  input  duration  of  almost  3.0  seconds,  which  could  give  about  20% 
error  in  A//A0  . 

The  preceding  discussion  illustrates  the  importance  of  requiring  a 
specific  input  in  order  to  determine  sideslip  excursions.  Figure  4(3.  3.8.2) 
compares  pilot  rating  data  obtained  in  Reference  86  with  the  criteria  of 
Reference  /  3.  The  .alue  of  J / A<t>  computed  for  the  configurations  examined 
is  based  on  the  Reference  73  definitions.  The  input  command  used  is  a 
perfect  impulse  of  the  roil  control  with  yaw  control  fixed.  Examination  of 
Figure  4(3.  3.8.2)  indicates  that  the  values  of  A/#/A0  recommended  by 
Reference  73  would  oe  overly  restrictive  for  many  of  the  configurations  tested, 
and  as  L3,'2(t  increases  (for  adverse  yaw)  it  is  apparent  that  the  sensit'vity 
of  piiot  rating  to  /fi0  diminishes.  This  is  related  to  the  sensitivity 
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discussion  presented  previously  on  the  discussion  of  3-3.8. 


Figures  5(3.  3.  8-  2)  and  6(3.  3.  8.  2)  present  a  summary  of  data  on  the 
relationship  between  NgAS  »  and^^-  and^pilot  rating.  As  pre¬ 
viously  discussed  in  3.3.8.  1,  setting  ^8 *  =  -jj~-  minimizes 

As  shown  on  Figures  5(3  3.8.2)  and  6(3.  3.8.2),  this  does  not  necessarily 
result  in  Level  1  pilot  ratings.  However,  in  general,  approaching  this  re¬ 
lationship  does  tend  to  improve  pilot  rating.  Examination  of  the  numerator 
of  a  conventional  ft  I Sj^  transfer  function  indicates  that  and 

are  important  parameters  in  the  higher  order  terms  of  the  /3 fSAS  transfer 
function  numerator,  thus  the  initial  response  of  sideslip  to  a  roll  control 
impulse  should  serve  as  an  important  measure  of  roll  sideslip  coupling.  This 
measure  of  initial  &  response,  defined  in  the  V/STOL  Specification  as  , 

was  examined  for  the  same  configurations  previously  described  in  section 
3.  3. 8.  l[Figures  1(3.  3-  8.  1)  through  4(3.  3.  8.  i)J  and  the  variation  in  A/S  as  a 
function  of  Ti'g  ^  /L'g^  andftp-  is  illustrated  on  Figure  7(3.  3.  8.  2). 

As  mentioned  previously,  it  is  probably  desirable  to  relate  the 
undesired  response  (sideslip)  to  the  desired  response  (bank  angle)  for  the  roll 
control  command  in  order  to  examine  pilot  opinion  as  a  function  of  the 
undesired  response.  Thus  it  is  necessary  to  scale  the  A/S  response  by  a 
pertinent  measure  of  the  bank  angle  response,  and  <$t  was  selected.  Thus 
the  metric  for  sideslip  excursion  is  related  to  fAf?/ 0,1  ,  and  it  should  be 
noted  that  this  measure  is  similar  to  the  NASA  metric  A /3  Ja0  ;  however,  as 
defined  in  the  V/STOL  Specification  A/S  is  applicable  to  adverse  yaw,  j  rov-erse 
yaw  and  combinations  thereof. 

Figure  8(3.  3.8.2)  illustrates  »he  effect  of  yaw  due  to  ailero*-  on 
i  .  Figure  9(3.  3-8.2)  indicates  the  effects  of  yaw  due  to  aileron  on 
both  \Af /0,\  and  ifyg  .  Also  presented  on  Figure  9(3.  3.  8.  2)  are  hatched 
lines  representing  pilot  ratings  of  3.5  based  on  the  Cooper-Harper  rating 
scale  used  by  NRC.  These  ratings  were  obtained  by  plotting  pilot  rating  for 
each  set  of  configurations  presented  on  Figure  9(3.  3.  8-2}  against  fi>MS/A.gAs 
and  using  nonlinear  regression  analysis  to  fit  the  pilot  rating  data.  Figure 
10(3.3.8.2)  compares  the  resuits  of  this  analysis  with  the  \Aj9/0t  /  require¬ 
ment  of  the  V/STOL  Specification. 

The  preceding  analysis  illustrated  the  development  of  \Afi/0,\  > 
however  it  used  data  for  a  \0!/S\d  =0.2  which  is  quite  low  [see  Figure 

11(3.  3.8.2)}  .  Examination  of  the  simplified  expressions  for  A,  and  Az  pre¬ 
viously  described  in  the  discussion  on  /  (paragraph  3.  5.8.  1)  in¬ 

dicates  that  a  more  pe  -t’nent  parameter  should  also  include  the  effect  of 
jjp  (e.  g. ,  ) -  It  was  decided  to  investigate  the  product  >A0 /0,\  x 

I0//S1d  as  a  parameter  to  correlate  pilot  rating  with  sideslip  excursion. 
However,  as  0  this  new  metric  approaches  zero  and  a  require¬ 

ment  on  the  product  would  become  meaningless.  Thus  it  is  necessary  to  place 
requirements  not  only  on \A£;&, }  but  also  \AS/0,\  in  particular 

for  small  values  of  \0//3id  -  Figures  12(3.3.8.2)  through  lo(3.3.6.2)  present 
a  correlation  of  the  sideslip  excursion  parameter  with  pilot  rating.  Since 
the  data  base  used  to  de*  eloo  this  reGuirement  did  not  include  Flishx  Phase 
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Category  B,  and,  in  addition,  since  the  sensitivity  of  j \  decreases 
with  large  amounts  of  adverse  yaw  due  to  aileron,  no  quantitative  sideslip 
requirement  has  been  established  for  either  Flight  Phase  Category  B  or 
Level  2  flying  qralities.  For  the  present  time  it  is  anticipated  that  the  qual¬ 
itative  statement  in  the  sideslip  excursion  requirement  and  the  [ 0/t* 

requirement  will  adequately  cover  these  areas.  However,  additional  data  are 
required  to  fully  describe  and  restrict  roll-sideslip  coupling  and  to  establish 
if  the  Class  of  die  aircraft  has  a  significant  effect  on  the  selected  measures 
of  roli-sideslip  coupling  in  the  speed  range  from  35  knots  forward  to  VCQn. 


SIMULATOR 


O  hjght 


SDSUF/BANK  RATIO.  A  0/&  # 


Fifure  1  (33.8.2) 


EFFECT  OF  SIDESLIP  ON  PILOT  RATING 

=  SB.  JS2  ±  1J35,  (FROM  REFERENCE  SS) 


O  -2  .4  j6  . 8  U> 

A* /A# 


Fifurc  2  {3332)  RELATION  OF  TURN  ENTRY  COORDINATION  AND 
PILOT  OPINION  IN  IFH  (FROM  REFERENCE  73} 
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<DATA  FROM  REFERENCE  86) 


tgur*  8  (3,3,8,21  EFFECT  Of  BA%  AND(/\{i ON  AVERAGE  PILOT  RATING 

FOR  FIXED  MODAL  PARAMETERS  (DATA  FROM  REFERENCE  88) 


o  nUJTA/MUJTB 


CONFIGURATIONS 


f Igura  10  13.3,8,2)  COMPARISON  OP  V/8TOL  SPECIFICATION  ON  |  &(S/h  WITH 

NONLINEAR  REGRESSION  ANALYSES  OF  PILOT  RATING8  FOR 
8ELECTED  CONFIGURATIONS  OF  REFERENCE  80 


V/8T0L 


.3.8.2)  VARIATION  IN  THE  VALUES  OF  |  |  oL  ASSOCIATED  WITH 

V/STOL  AIRCRAFT  (BASED  ON  DATA  IN  REFERENCES  13  &  18) 
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PILOT  RATING  (DATA 


DUTCH  noil  lUVIil  1 

V/8TOI  Aw/tiv  IB  VC  l  1 

n0QUIH0M8NT8  U  IBVCL  1 


COMPARISON  OF  8IDE8LIP  EXCURSION  REQUIREMENT  AND 
PILOT  RATING  (DATA  FROM  REFERENCE  1001 


Flgura  14  (3.3.8.21  COMPARISON  OF  8IDH8LIP  EXCURSION  REQUIREMENT  WITH 
PILOT  RATING  (DATA  FROM  REFERENCE  88) 


*'•*•■*  **■*  •  «3  JibR! 


3.3, 8.2}  COMPARISON  OF  SIDESLIP  EXCURSION  REQUIREMENT  WITH 
PILOT  RATING  (DATA  FROM  REFERENCE  106} 


p 


3.  3.  8.  3  CONTROL  OF  SIDESLIP  IN  ROLLS 
REQUIREMENT 

3.  3.8.  3  Control  of  sideslip  in  roils.  In  the  roiling  maneuvers  described 
in  3.  3.  9.  yaw-control  effectiveness  shall  be  adequate  to  maintain  zero  side¬ 
slip  with  yaw  control  forces  not  exceeding  those  of  3.5.3.  This  require¬ 
ment  applies  to  rolling  maneuvers  cf  magnitude  up  to  the  required  roll  per¬ 
formance  of  3.  3.  9-  For  inputs  smaller  than  those  required  to  meet  the  roll 
performance  requirements  of  3.  3.  9,  the  resultant  forces  shall  be  divided  by 
the  ratio  of  the  bank  angle  obtained  at  the  time  specified  in  3-  3.  9  to  the  bank 
angle  required,  and  the  results  compared  with  the  limits  of  3.5.3  for 
compliance. 

DISCUSSION 

This  requirement  simply  places  reasonable  limits  on  yaw-control 
forces  required  to  maintain  zero  sideslip  when  performing  prescribed  rolling 
maneuvers-  The  scaling  statement  is  included  to  facilitate  demonstration  of 
compliance  with  this  requirement  .  Thus  it  is  required  to  demonstrate  that 
the  yaw  control  is  sufficiently  effective  to  maintain  zero  sideslip  for  the  Class 
of  aircraft  and  Level  of  flying  qualities  necessary  for  compliance  with  roll 
effectiveness  requirements,  without  excessive  yaw- control  forces.  For 
smaller  roll-control  inputs,  the  yaw-control  force  for  zero  sideslip  should  be 
at  least  proportionately  less,  although  linearity  is  not  required. 

This  requirement  is  similar  to  3.  3-2.  5  of  MIL-F-8785B(ASG) 
(Reference  10);  no  similar  requirement  is  noted  in  AGARD  40 8A  (Reference 
46),  MIL-H-8501A  (Reference  15)  or  RTM  37  (Reference  47). 
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1  Wittitt 


3.3. 8.4 


TURN  COORDINATION 


REQUIREMENT 

3.  3.  8. 4  Torn  coordination.  It  shall  be  possible  to  maintain  steady  constant- 
altitude  coordinated  turns  in  either  direction,  using  bank  angles  up  to  either 
that  required  to  produce  a  turn  rate  of  10  degrees  per  second  or  a  bank  angle 
of  60  degrees  for  Class  IV  aircraft,  45  degrees  for  Class  I  and  II  aircraft,  or 
30  degrees  for  Class  HI  aircraft-  Yaw  control  forces  shall  not  exceed  40 
pounds  and  roll  control  forces  shall  not  exceed  5  pounds.  This  requirement 
applies  to  Level  1,  with  the  aircraft  trimmed  for  zero -bank -angle  straight 
flight. 

DISCUSSION 

The  objective  of  this  requirement  is  to  ensure  that  only  modest  yaw 
control  and  roll  control  forces  are  required  for  Level  1  operation  when  per¬ 
forming  coordinated  turning  maneuvers . 

The  steepness  of  the  turn  is  a  function  erf  aircraft  Class  to  correspond 
with  normal  anticipated  operational  usage.  The  limiting  turn  rate  specified 
is  based  on  considerations  of  normal  operation  around  35  knots,  and  is  not 
intended  to  reflect  “ability*  maneuvers  or  nap-of- the -earth  maneuver  require¬ 
ments.  The  relationship  between  turn  radios,  turn  rate,  velocity  and  hank 
angle  is  illustrated  on  Figure  1(3.  3.  8.4). 

This  requirement  is  essentially  the  same,  at  velocity  increases,  as 
3.  3.  2.  6  of  J£IL-F-8785B{ASG),  Reference  10. 

It  should  be  noted  that  berth  spiral  stability  and  control  gradients  will 
have  a  significant  effect  on  forces  required  to  hold  an  aircraft  in  a  turn 
(Reference  971.  In  addition  this  requirement  can  have  implications  on  aug¬ 
mentation  system  design. 


MADIU8  wH-v/PT  TUMN  NATP.  ■  DPQ/8PC 


3.3.9 


ROLL  CONTROL  EFFECTIVENESS 


REQUIREMENT 

3.3.9  Roll  control  effectiveness.  The  time  to  change  bank  angle  by  30 
degrees  U30)  to  the  right  or  left  from  a  trimmed  zero- roll- rate  concitior. 
shall  not  exceed  the  value  specified  in  table  VTEL  The  time  shall  be  mea¬ 
sured  from  the  initiation  of  roll  control  force  application.  Yaw  control  may 
be  used  to  1  'duce  sideslip  that  retards  roll  rate  (not  to  produce  sideslip  that 
augments  roll  rate),  provided  that  yaw  control  inputs  are  simple,  easily 
coordinated  with  roll  control  inputs,  and  are  consistent  with  piloting  tech mc_e 
for  the  aircraft  in  its  mission.  Roll  control  snail  be  sufficiently  effective,  in 
combination  with  othe r  norm—1  means  of  control,  to  balance  the  aircraft 
laterally  throughout  the  Service  Flight  Envelope  in  the  atmospheric  envir  -ce¬ 
ments  of  3.7. 


TA3LE  VIII.  Bo I1  Control  Effectiveness 


Class 

T5Q  -  seconds 

Level  1 

Level  2 

Leve.  5 

I 

■OH 

1.8 

2.6 

II 

SB 

2.5 

5.6 

III 

2.5 

3.2 

4.0 

IV 

1.0 

1.5 

2.0 

DISCUSSION 

Roll  control  effectiveness  is  a  parameter  of  fundamental  importance 
since  it  determines  the  maneuverability  of  an  aircraft  in  roll.  The  amount 
of  roll  control  power  desired  by  a  pilot  is  dependent  on  several  factors. 
Among  these  are  control  power  necessary  to  trim  the  aircraft  laterally, 
desired  maneuvering  characteristics  and  correcting  for  disturbances  re¬ 
sulting  from  atmospheric  environment  (i.  e. ,  gusts,  c ros swines)  and  opera¬ 
tional  environment  (e.  g.  ,  operation  within  ground  effect). 

The  portion  of  control  power  required  to  control  gust  effects  anc  to 
trim  the  aircraft  laterally  (e.  g. ,  trim  in  presence  of  crosswinds)  is  deper.ee r. 
on  the  turbulence  environment,  the  aircraft  dynamics,  the  augmentation  sys¬ 
tem  used,  and  the  sensitivity  of  the  augmentation  system  tc  the  atmospheric 
environment.  Control  power  requirements  are  so  dependent  cn  these  factors 
that  it  has  been  necessary  to  write  *hem  in  a  qualitative  manner  subject  tc 
the  atmospheric  environments  of  Section  3.7.  Reference  13c  rrav  serve  *c 
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indicate  seme  design  guidance  on  the  relationships  between  atmospheric  tur¬ 
bulence,  required  control  power,  and  the  augmentation  system. 

Other  important  factors  which  influence  control  power  requirements 
are  the  aircraft  operational  mission  (e.g..  Flight  Phase)  and  the  Aircraft 
Class.  In  general,  for  mission  effects,  it  is  reasonable  to  assume  that  con¬ 
trol  power  requirements  for  attack  missions,  rescue  missions,  etc.  which 
require  rapid  changes  in  flight  path  would  be  larger  than  those  required  for 
more  routine  tasks  when  either  smaller  or  slower  changes  would  be  accep¬ 
table.  Unfortunately  there  are  little  data  available  to  establish  requirements 
by  Flight  Phase  Category.  Those  data  which  are  available  for  STOL  aircraft 
(e.g..  Reference  73)  are  primarily  concerned  with  landing  approach,  i.  e. , 
Flight  Phase  Category  C. 

The  quantitative  requirements  on  roll  control  effectiveness  are 
expressed  in  terns  of  the  maximum  time  to  change  bank  angle  by  30  degrees 
(tiO)  from  a  trimmed  zero- roll- rate  condition.  Thus  they  reflect  the  lateral 
control  power  necessary  to  maneuver  the  aircraft  about  trim.  The  require¬ 
ments  on  t3Q  are  identical  to  those  appearing  in  M1L-F-8785B  (Reference  10) 
for  Flight  Phase  Category  C,  except  that  for  Class  II  aircraft  no  distinction 
is  made  between  land-  or  car ried-based  aircraft.  As  previously  mentioned, 
these  requirements  may  be  lenient  for  Flight  Phase  Category  A;  additional 
guidance  on  the  effects  of  mission  can  be  found  in  Reference  84.  Section  3.3.4, 
'which  supplies  the  background  data  for  the  roll  control  effectiveness  require¬ 
ments  of  MIL-F-8785B,  Reference  10. 

The  lateral  control  power  requirements  of  both  MTL-H-8501A 
(Reference  i3)  and  AGARD  408A  (Reference 4b)  distinguish  requirements  by 
aircraft  size.  This  is  achieved  by  using  a  general  relationship  between  the 
cube  root  of  aircraft  weight  and  aircraft  size,  and  then  placing  requirements 
on  lateral  control  power  as  a  function  of  the  cube  root  of  weight.  The  lateral 
control  power  requirements  of  RTM-37  (Reference  47 )  are  not  specified  in 
terms  of  aircraft  size  or  the  weight  law.  The  authors  of  Reference  47  express 
their  basic  philosophy  on  size  vs.  mission  in  Reference  107,  and  suggest  that 
mission  and  not  size  is  a  primary  parameter. 

It  should  be  noted  that  the  cube  root  of  weight  attempts  to  explain  the 
same  concept  as  Class  structure.  This  concept  is  that -the  weight,  size, 
inertia,  etc.  effects  should  be  used  to  establish  requirements  when  applicable. 
The  shortcoming  of  jus?  relating  control  effectiveness  to  size  is  that  the  mis¬ 
sion  of  an  aircraft  is  an  important  variable  and  must  be  considered.  The  re¬ 
quirements  of  MIL-H-85G1A  (Reference  15)  and  AGARD  408A  (Reference  46) 
allow  decreasing  bank  angle  changes  with  increasing  weight,  size,  etc., 
which  is  equivalent  to  allowing  decreasing  bank  angle  changes  with  Class  for 
a  given  Level  of  flying  qualities.  Since  bank  angle  •  hanges  are  essentially 
proportional  to  time  for  a  step  command,  the  requirements  of  the  V/5TOL 
Specification  have  selected  a  specific  bank  angle  change  and  allow  the  time 
to  reach  this  desired  bank  angle  to  change  with  Class  of  the  aircraft,  in  a 
manner  equivalent  to  the  concepts  used  to  formulate  the  "weight  law". 


Although  the  recent  NR C  experiment.  Reference  86,  was  not  directed 
at  this  requirement,  data  obtained  in  this  experiment  indicates  that  pilot 
rating  improved  with  an  increase  in  roll  control  effectiveness-  In  particular, 
for  NRC  configuration  MH100+30+30  ( J  <H/3ld  =  -75,  <5e3j = 

1  rad/sec,  Zj  —  =  -3),  as  the  roll  control  sensitivity  increased  from 

-4  rad/sec2  -  inch  to  -6  rad/sec2  -  inch,  pi.ot  rating  improved  from  5-5  to 
a  pilot  rating  of  3,  and  130  decreased  from  2  seconds  to  1-35  seconds.  These 
results  are  reasonably  consistent  with  the  values  in  Table  VUI  of  the  V/STOL 
Specification  for  Class  I  and  Class  II  aircraft. 


Reference  73  also  uses  t^  as  a  requirement  on  roll  control  effective¬ 
ness.  This  reference  points  out  that  130  criteria  can  normally  be  easily 
measu'ed  and  evaluated,  and  that  the  effects  of  damping  and  control  system 
lag  and  dynamics  while  being  included,  are  not  so  important  as  they  are  in 
a  0^  (bank  angle  in  one  second)  criteria  which  may  be  strongly  affected  by 
control  system  lags  and  the  shape  of  the  control  input.  This  is  illustrated 
in  Figure  1(3.  3.  9).  Although  both  0f  and  t^Q  are  affected  by  the  shape  of 
the  control  input,  the  control  power  required  to  meet  a  0>f  requirement  is 
certainly  more  dependent  on  the  input  shape  than  is  t^Q-  Consider  the 
following  example:  suppose  the  requirement  was  10*  of  bank  angle  change, 
then  if  7?e  -  1  sec,  would  be  approximately  .47  rad/sec2  for  a  step,  but 

.8  rad/sec2  for  the  indicated  ramp  input.  This  example  illustrates  that,  for 
demonstration  of  compliance  for  a  lateral  control  power  requirement,  it  is 
extremely  important  to  use  the  correct  input,  and  that  the  effect  on  a  <$f  re¬ 
quirement  is  stronger  than  the  effect  on  a  tjp  requirement.  The  relationships 
used  to  develop  these  curves  are  based  on  a  single-aegree-of-freedom  rep¬ 
resentation  of  the  rolling  equation  such  that  for  a  step  input 
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while  for  a  ramp  input 
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Of  course,  transport  lag  is  included  after  the  response  is  calculated  by 
these  equations. 

Tests  conducted  on  various  STOL  aircraft  by  NASA  indicate  that  a 
iapid  roll  control  command  was  reasonably  approximated  by  a  0.  1  second 
transport  lag  and  a  ramp  time  of  0.  3  seconds.  These  calculations  and  data 
obtained  are  listed  in  Reference  73  and  resulted  in  recommendations  on  133 
which  are  illustrated  on  Figure  2(3.  3.9).  The  NASA  data  agree  reasonably 
well  with  the  V/STOL  requirements  on  t3Q  for  Class  II  and  Class  III  aircraft. 


329 


Reference  100  examined  control  power  requirerr.ents  based  on  a  sim¬ 
ulation  of  a  carrier  landing  approach.  The  characteristics  simulated  would 
be  related  to  Class  I  and  Class  IV  aircraft  as  defined  in  the  V/STOL  Specifi¬ 
cation.  Figure  3(3.  3. 9)  presents  data  obtained  in  Reference  100.  Super¬ 
imposed  on  this  plot  are  the  Level  1  and  Level  2  roll  control  effectiveness 
requirements  for  Class  I  and  Class  IV  aircraft  and  the  Level  1  and  Level  2 
roll  mode  time  constant  requirements  (3.  3.7.2)  of  the  V/STOL  Specification. 
The  calculations  for  t3Q  are  based  on  a  single-degree-of-freedom  approx¬ 
imation  with  the  0.2  second  ramp  input  utilized  in  Reference  100.  As  can  be 
seen  on  Figure  3(3.  3.  9).  reasonable  agreement  exists  between  the  Class  I 
and  Class  IV  roll  effectiveness  requirements,  the  roll  mode  time  constant 
requirements,  and  the  pilot  ratings  obtained  by  Princeton,  especially  for 
Level  1. 
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Figure  1  (3.3.9)  BANK  ANGLE  AND  TIME  TO  BANK  (FROM  REFERENCE  69) 
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3.3.9.  1 


ROLL  CONTROL  FORCES 


REQUIREMENT 

3.3.9.  1  Roll  control  forces.  The  roll  control  forces  required  to  obtain 
the  rolling  performance  specified  in  3.  3.9  shall  lie  between  the  maximums 
and  minim  urns  of  table  DC. 


TABLE  IX.  Roll  Control  Forces  (Pounds) 


DISCUSSION 

The  three  levels  of  maximum  roll  control  forces  specified  here  are 
the  same  as  the  limit  forces  of  Table  XIU,  Section  3.5.  3  of  the  V/STOL 
Specification  for  V  >  35  kt  and  are  thought  to  be  compatible  with  one-handed 
operation  of  the  .-oil  control  to  perform  the  required  bank  angle  maneuvers 
of  3-3.9-  AGARD  408A  (Reference  46)  specifies  a  maximum  lateral  control 
force  of  20  pounds  for  both  normal  operation  and  after  a  failure  in  a  power 
control  system  for  their  rolling  performance  maneuvers.  RTM-37  (Refer¬ 
ence  47)  has  similar  force  requirements  to  AGARD  408A  for  the  failure  con¬ 
dition.  NASA  in  Reference  73  recommends  a  maximum  control  force  of 
20  pounds  for  satisfactory  operation,  while  allowing  40  pounds  of  control 
force  for  safe  operation.  Reference  108  recommends  either  20  or  25  pounds 
for  peak  lateral  control  force  essentially  as  a  function  of  Flight  Phase  for  a 
stick  controller.  MIL-F-8785B(ASG),  Reference  10,  has  a  matrix  of  require¬ 
ments  on  aileron  control  force  as  a  function  of  Class,  Flight  Phase  Category 
and  type  of  controller  ranging  from  20  tbroug  .  3 5 pounds  for  a  stick  controller 
and  from  20  to  70  pounds  for  a  wheel  controller.  Since  the  philosophy  of  the 
V/STOL  Specification  has  assumed  one-handeo  operation,  both  stick  and 
wheel  forces  would  be  the  same. 

The  minimum  forces  specified  art  intended  to  guard  against  over¬ 
sensitive  roll  control.  In  place  of  specifying  sensitivity  requirements,  the 
decision  was  made  to  specify  minimum  control  force  based  on  the  results 
indicated  in  Reference  105.  If  spears  that  as  long  as  stick  displacements  are 
not  uncomfortably  large,  the  pilot  is  more  aware  of  control  forces  than  con¬ 
trol  displacements.  The  values  specified  essentially  follow  the  minimum 
control  force  relationship  specified  in  Section  3.  3.4.2  of  MIL-F- 8 78 5 B{ AEG) 
(Reference  10).  The  value  specified  for  Level  1  minimum  control  force  was 
also  based  on  scaling  the  maximum  force  by  the  ratio  of  the  allowable  control 
force  gradients  of  Table  XU,  Section  3.5.  1.2  of  the  V/STOL  Specification. 


3.  3.  9. 1 


LINEARITY  OF  ROLE  RESPONSE 


REQUIREMENT 

3.  3,9.2  Linearity  of  roll  response.  There  shall  be  no  objectionable  non- 
imeanties  in  the  variation  of  roll  res**-  s  with  roll  control  deflection  or 
force. 

DISCUSSION 

This  requirement  is  directed  at  control  precision  and  is  essentially 
the  same  as  3.3.4.  3  of  MLL-F-8785B(ASG),  Reference  10.  The  require¬ 
ment  is  qualitative  since  it  has  not  beet  possible  to  specify  values  on  ob¬ 
jectionable  nonlinearities. 

Reference  7  3  requires  that  for  satisfactory  operation,  roll  accelera¬ 
tion  per  -r.it  stick  deflection  should  not  increase.  As  noted  in  Reference  73, 
when  there  is  an  abrupt  increase  in  roll  acceleration  per  unit  stick  deflection 
as  the  control  deflection  is  increased,  there  exists  a  tendency  for  the  pilot 
: j  overcontrol  the  aircraft  in  roll;  this  tendency  was  not  noted  for  non- 
Imearities  that  reduced  the  roll  acceleration  per  unit  stick  deflection.  Thus 
thtr  pilot's  objection  to  certain  nonlinearities  appears  to  be  related  to  his 
ability  to  make  precise  roll  control  inputs  to  control  the  flight  path.  An 
abrupt  increase  in  roll  response  per  unit  control  deflection  could  tend  to  re¬ 
sult  in  a  situation  where  the  pilot  would  have  to  continually  correct  his 
input  to  achieve  the  desired  response.  For  example,  if  die  pilot  desired  to 
increase  his  bank  angle,  the  input,  if  it  went  into  the  nonlinear  portion  of  the 
relationship  between  control  power  and  control  displacement,  would  tend  to 
give  the  pilot  more  response  than  desired.  To  correct  for  this  increase  in 
the  response,  he  would  have  to  correct  his  input.  The  degree  of  nonlinearity 
..ould  result  in  a  situation  whereby  the  pilot  would  have  to  repeat  this  process 
several  times  to  achieve  the  desired  level  of  response.  This  would,  of 
course,  increase  pilot  workload  and  possibly  detract  from  mission  effective¬ 
ness-  On  the  other  hand,  if  the  sensitivity  decreases  as  the  control  displace¬ 
ment  increases,  only  relatively  minor  corrections  in  control  displacement 
would  be  required  to  achieve  die  desired  change  in  bank  angle  for  either 
maneuvers  or  when  compensating  for  gust  disturbances. 

The  extent  of  nonlinearity  which  can  usefully  be  allowed  will  no  doub’ 
depend  on  the  aircraft  lateral  dynamics,  the  aircraft  Class,  and  Flight  Phase 
Category  (e.g.,  mission).  At  this  time,  insufficient  data  are  available  to 
place  quantitative  requirements  on  nonlinearities  of  aircraft  response. 


3.  3.9,5 


WHEEL  CONTROL  THROW 


REQUIREMENT 

3-3.  9-3  Wheel  control  throw.  For  all  aircraft  with  wheel  controllers, 
the  wheel  throw  necessary  to  meet  the  roll  performance  requirements  spec¬ 
ified  in  3.  3.  9  shall  not  exceed  60  degrees  in  either  direction.  For  completely 
mechanical  systems,  the  requirements  may  be  relaxed  to  80  degrees. 

DISCUSSION 

This  requirement  is  the  same  as  3.  3.4.4  of  MIL-F-8785B(ASG) 
(Reference  10).  AGARD  408A  {Reference  46  }  requires  that  wheel  throw 
should  not  exceed  60  degrees  for  normal  operation  and,  in  addition,  for  a 
failure  in  a  power  control  system.  Reference  73  recommends  no  more  than 
60"  wheel  throw  for  satisfactory  operation,  and  no  more  than  d0°  wheel 
throw  for  safe  ope  ration.  The*  value  of  60"  for  wheel  throw  is  consistent 
with  one-handed  operation. 

A  wheel  throw  of  80  degrees  for  completely  mechanical  systems  has 
been  specified  in  deference  to  the  aircraft  designer. 


3.  3.9.4 


YAW  CONTROL  INDUCED  ROLLS 


REQUIREMENT 

3.  3.9.4  Yaw-control-induced  roils.  For  Levels  1  and  2  the  application  of 
right  yaw  control  force  shall  not  result  in  left  rolls  and  the  application  of 
left  yaw  control  force  shall  not  result  in  right  rolls. 

DISCUSSION 

This  requirement  is  a  restatement  of  3.3.4.  5  of  MIL-F-8785B(ASG) 
which  requires  the  ability  to  “raise  the  wing  with  the  rudder."  The  desir¬ 
ability  or  necessity  to  have  this  capability  at  low  speeds  is  not  clear  cut. 
Princeton  University  data  (References  88.  100,  and  101)  indicate  that  with 
satisfactory  lateral-directional  modal  characteristics,  Lp  can  vary  signifi¬ 
cantly  without  any  adverse  effect  on  pilot  rating  in  the  landing  approach  task 
[Figure  1(3.  3.  9-4)J  .  In  general,  it  appears  that  if  the  aircraft  can  roll 
through  application  of  the  yaw  ccntrol.  the  sense  should  be  in  the  proper 
direction  (i.  e. ,  the  aircraft  can  have  zero  effective  dihedraL  but  should  not 
have  negative  effective  dihedral).  This  requirement  does  direct  attention 
to  this  capability,  although  it  does  not  ensure  stable  dihedral  since  it  would 
be  possible  to  use  a  rudder /aileron  interconnect  (  Z.^  )  to  accomplish  the 

intent  of  the  requirement. 
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3,3,0,41  PILOT  RATING  CONTOURS, 


3. 3. 10 


DIRECTIONAL  CONTROL  EFFECTIVENESS 


REQUIREMENT 

3-  3.  10  Directional  control  effectiveness.  Yaw  control  shall  be  sufficientiy 
effective,  in  combination  with  other  normai  means  of  control,  to  balance  the 
aircraft  directionally  throughout  the  Service  Flight  Envelope  in  the  atmos¬ 
pheric  environments  of  3.7. 

DISCUSSION 

This  is  a  general  catch-all  requirement  on  balancing  yaw_ng  moments, 
and  is  similar  to  requirement  3.3-5  of  MIL-F-8785B(ASG),  Reference  10; 

3.  13  and  3-  16  of  AGARD  408A,  Reference  4b;  and  similar  requirements  of 
RTM-37,  Reference  47.  The  requirements  of  AGARD  408  and  RTM-37  impose 
margins  on  aircraft.  Perhaps  the  most  critical  combination  of  conditions 
for  V/STOL  aircraft  to  establish  directional  control  effectiveness  require¬ 
ments  is  the  ability  to  maintain  a  desired  heading  in  the  presence  of  a  cross- 
wind  with  an  asymmetric  thrust  condition  in  a  landing  approach  task.  The 
general  phrasing  of  the  requirement  to  balance  the  aircraft  in  the  Service 
Flight  Envelope  in  tne  various  atmospheric  environments  to  be  specified  will 
determine  critical  conditions  and  the  directional  control  effectiveness  required. 
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3.  3.  10.  1 


DIRECTIONAL  RESPONSE  TO  YAW  CONTROL  INPUT 


REQUIREMENT 

3.  3.  10.  1  Directional  response  to  yaw  control  input.  The  yaw  attitude 
change  within  the  first  second  following  an  abrupt  step” displacement  of  the 
yaw  control  shall  not  be  less  than: 

Level  1;  6.  0  degrees 

Level  2:  3.0  degrees 

Level  3:  1.0  degree 

This  requirement  applies  with  all  other  cockpit  controls  fixed. 

DISCUSSION 

Yaw  control  power  is  required  to  develop  steady  state  sideslips 
during  maneuvers  such  as  crosswind  landing  approaches,  for  changing  heading 
during  maneuvers  such  as  decrabbing  prior  to  landing,  and  for  reducing 
unwanted  sideslip  angles  in  maneuvering  flight.  Sufficent  yaw  control  power 
to  develop  steady  sideslips  is  demanded  by  the  requirements  of  paragraph 
3.  3.  11  of  Reference  1.  At  low  speeds,  the  aircraft  is  required  to  develop  at 
least  15  degrees  of  steady  state  sideslip.  Since  directional  stiffness,  Np  , 
generally  varies  linearly  with  dynamic  pressure,  the  yaw  control  power  re¬ 
quired  for  compliance  with  3.  3-  11  varies  directly  as  speed  squared-  If 
3.3.11  were  the  only  yaw  control  power  requirement,  the  ability  to  change 
heading  during  low  speed  flight  might  be  severely  limited.  Thus,  the  inter.t  of 
this  requirement  (3.3.  10.  1}  is  to  assure  that  yaw  control  power  exist s  in  low 
speed  flight  where  sideslip  requirements  may'  not  assure  adequate  maneu¬ 
verability. 

The  statement  of  this  requirement  parallels  that  of  the  corresponding 
hover  and  low  speed  requirement  (paragraph  3.2.3.  1).  However,  unlike 
hover  and  low  speed,  the  initial  trim  conditions  for  demonstration  of  com¬ 
pliance  are  not  specified. 

Based  on  flight  test  experiments  with  a  group  of  STOL  aircraft, 

NASA  has  proposed  a  somewhat  similar  requirement  for  maneuvering  control 
power  (Reference  73).  Their  requirement  demands  sufficient  control  power 
to  charge  heading  by  15  degrees  within  2.2  seconds  for  satisfactory  operation 
and  within  3.  1  seconds  for  safe  operation.  The  NASA  requirement  was 
derived  based  on  a  control  input  having  the  form  of  a  0.  1  second  transport 
time  lag  followed  by  a  0.  3  second  ramp.  Assuming  a  configuration  whose 
short  term  yaw  attitude  response  is  described  by  (SJ-  ^^^s^s-il^ltbe 

NASA  requirement  is  compared  to  the  V.'STOL  Specification  requirements  in 
Figure  1  (3.  3.  10.  1). 
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is  seen  to  LiOW  l*veis  l*r~0)  the  V/STOL  Specification,  Level  1, 

is  seen  to  be  more  demanding  than  the  NASA  satisfactory  criterion  At 
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demanding.  The  relationship  of  the  NASA  safe  boundary  to  the  spec-  - 

on  eve  or  3  boundaries  is  more  difficult  to  assess.  Figure  1(3.3.10.1) 
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aV°W  dampb3g  1116  Safe  l>°^dary  lies  between  Levels  2 and  3 
hile  at  higher  damping  it  lies  between  Levels  1  and  2. 


Finite  1  (3-3.10.1)  COMPARISON  OF  V/STOL  SPECIFICATION  CONTROL 

POWER  REQUIREMENTS  WITH  NASA  RECOMMENDATIONS 


3.  3.  10.  Z 


LINEARITY  OF  DIRECTIONAL  RESPONSE 


REQUIREMENT 

3.  3.  10.  Z  Linearity  of  directional  response.  There  shall  be  no  objection¬ 
able  non  linearities  in  the  variation  of  cnrectional  response  with  yaw  control 
deflection  or  forces.  Excessive  sensitivity  or  sluggishness  in  response  to 
small  yaw  control  deflections  or  forces  shall  be  avoided. 

DISCUSSION 

This  requirement  is  essentially  the  counterpart  of  the  linearity  re¬ 
quirement  on  roll  response  in  the  V/STOL  Specification.  Again,  the  re¬ 
quirement  is  qualitative  since  sufficient  '  ’ta  are  not  available  to  set  limits 
on  nonlinearities.  Avoiding  excessive  sensitivity  or  sluggishness  for  small 
control  inputs  will  tend  to  minimize  either  pilot  workload  or  tendency  to 
overcontrol  when  the  pilot  is  required  to  make  small  heading  corrections. 
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3.  3.  10.  3  DIRECTIONAL  CONTROL  WITH  SPEED  CHANGE 

3.  3.  10.  3.  1  DIRECTIONAL  CONTROL  WITH  ASYMMETRIC  LOADING 

REQUIREMENT 

3.  3.  10.  3  Directional  control  with  speed  change.  With  the  aircraft  initially 
trimmed  directionally  with  symmetric  ^ower,  it  shall  be  possible  to  maintain 
zero-bank-angle  straight  flight  over  a  speed  range  of  ±  30  percent  of  the  trim 
speed  or  ±  20  knots  whichever  is  less  (except  where  limited  by  the  boundaries 
of  the  Service  Flight  Envelope) .  The  yaw  control  forces  shall  not  be  greater 
than  those  of  table  XIII  for  propeller-driven  aircraft  and  not  greater  than  one- 
half  those  of  table  XIII  for  other  aircraft.  These  requirements  must  be 
satisfied  without  retrimming. 

3.  3.  10.  3.  1  Directional  control  with  asymmetric  loading.  With  the  aircraft 
initially'  trimmed  directionally  with  any  asymmetric  loading  specified  in  the 
contract  at  any  speed  in  the  Operational  Flight  Envelope,  it  shall  be  possible 
to  maintain  a  straight  flight  path  throughout  the  Operational  Flight  Envelope 
with  yaw  control  forces  not  exceeding  those  of  table  XEH,  without  retrimming. 

DISCUSSION 

These  requirements  are  based  on  requirements  3.3.5.  1  and  3.3.5.  1.  1 
of  MIL.-F-8785B(ASG),  Reference  10.  They  place  quantitative  limits  on  yaw 
control  forces  for  the  specific  cases  of  speed  changes  and  maintaining 
straight  flight  in  the  Operational  Flight  Envelope  with  an  asymmetric  loading. 
The  speed  change  requirements  have  been  made  in  response  to  comments 
from  industry  and  governmental  agencies  to  reflect  the  type  of  propulsion 
system,  to  reflect  the  effects  of  either  the  presence  or  lack  of  propeller 
slipstream  effects  on  yaw  control  forces. 

The  purpose  of  the  asymmetric  loading  requirement  is  an  attempt  to 
keep  control  trim  forces  within  limits  during  the  Flight  Phases  associated 
with  the  OperationalFlight  Envelope. 

Both  3.  3.  10.  3  and  3.  3.  10.  3.  1  could  be  discussed  in  a  fair  amount  of 
detail  using  some  basic  equations.  However,  in  order  to  do  so  it  would  be 
necessary  to  first  formulate  the  proper  mathematical  model.  In  particular, 
some  of  the  basic  assumptions  usually'  made  in  the  process  of  deriving  the 
usual  linearized  equations  of  motion  would  have  to  be  re-examined.  For 
example,  if  an  aircraft  had  an  aerodynamic  asymmetry  caused  by  propeller 
slipstream  effects,  it  would  no  longer  be  valid  to  assume  that  derivatives 
such  as,  say,  are  equal  to  zero  (  A is  yawing  moment  due  to  forward 
speed  change).  The  presence  of  this  derivative  couples  the  longitudinal  and 
lateral-directional  equations  of  motion.  Also,  if  there  is  inertial  asymmetry 
(as  distinct  from  aerodynamic  asymmetry),  c.g.  locations  will  not  be  in  the 
plane  of  geometric  symmetry  as  is  usually  assumed.  Thus,  additional 
inertial  terms  will  appear  in  the  equations. 


The  above  comments  have  been  made  to  point  out  that  a  reasonably 
adequate  analytical  treatment  of  the  flying  qualities  aspects  toward  which 


3.  3.  10.  3  and  3.  3.  10.  3.  1  are  directed  would  probably  require  some  time- 
consuming  preparatory  mathematical  model  development.  The  fact  that  full 
analytical  treatments  have  not  appeared  in  the  general  literature  indicates 
that  the  associated  flying  qualities  aspects  have  not  been  extremely  acute. 

The  requirements,  however,  recognize  the  importance  of  these  flying  qualities 
aspects  and  should  help  to  prevent  acute  problems  from  developing. 


3.  3.  1 1  LATERAL-DIRECTIONAL  CHARACTERISTICS  IN  STEADY 


REQUIREMENT 


3.3.11  Lateral-directional  characteristics  in  steady  sideslips.  The  re¬ 
quirements  of  3.  3.  1 1.  1  through  3.  3.  11.  3.  1  are  expressed  in  terms  of  char¬ 
acteristics  in  yaw- control -induced  steady  zero- yaw- rate  sideslips  with  the 
aircraft  trimmed  for  zero-bank-angle  straight  flight.  Sideslip  angles  to  be 
demonstrated  shall  be  the  lesser  of  25  degrees  or  sin-  *  (30/airspeed  in 
knots),  or  those  limited  by  structural  limitations,  or  the  yaw  control  and  roll 
control  force  limits  of  table  XHL.  In  any  event,  the  minimum  sideslip  to  be 
demonsti ated  shall  be  the  lesser  of  15  degrees  or  sin- ^  (30 /airspeed  in  knots). 

DISCUSSION 

The  purpose  of  this  requirement  is  to  establish  the  limiting  sideslip 
angle  to  be  considered  in  determining  the  compliance  of  an  aircraft  to  the 
requirements  of  3.  3.  11.  1  through  3.  3.  11.  3.  1.  It  must  be  possible  to  reach 
one  of  these  limits  to  meet  the  requirements. 

This  requirement  is  related  to  3.3.6  of  MIL-F-8785B,  Reference  10; 

*.  1  of  AGARD  408A,  Reference  46;  and  3.7.4 .2  of  RTM-37,  Reference  47. 
However,  the  qualitative  requirements  of  AGARD  40 8 A  on  sideslip  angles 
required  in  normal  tactical  employment  are  now  quantitatively  specified  in 
the  V/STOL  Specification. 

The  sideslip  angle  related  to  a  30  knot,  90  degree  crosswind  con¬ 
dition  is  based  on  considerations  of  the  operational  environment  and  is 
related  to  the  requirement  of  3.  3.  7  of  MIL-F -8785B(ASG),  although  Refer¬ 
ence  7  3  indicates  that  existing  STOL  aircraft  would  be  limited  by  a  25  knot 
cross  wind  condition.  The  value  of  sideslip  equal  to  25  degrees  is  intended 
to  relax  the  30  knot  crosswind  requirement  for  STOL  aircraft  at  speeds 
below  approximately  70  knots  and  is  based  on  the  capability  of  the  BR-941  in 
a  wing-down  approach  as  indicated  in  Reference  73.  The  additional  con¬ 
ditions  that  determine  what  sideslip  angles  are  to  be  considered  reflect 
practical  design  and  operational  considerations  for  limiting  sideslip  capability. 
Sideslip  angles  corresponding  to  control  force  limits  are  considered  opera¬ 
tionally  possible  to  achieve.  However,  these  angles  must  not  be  so  low  as  to 
detract  from  the  capability  to  generate  reasonable  sideslip  angles. 
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3.  3.11.1  YAWING  MOMENTS  IN  STEADY  SIDESLIPS 
REQUIREMENT 

3.  3.  II.  1  Yawing  moments  in  steady  sideslips.  For  the  sideslips  specified 
in  3.3.  11,  right  yaw  control  deflection  and  force  shall  be  required  in  left 
sideslips  and  left  yaw  control  lorce  and  deflection  shall  be  required  in  right 
sideslips. 

For  Levels  1  and  2,  the  following  requirements  apply.  The  variation  of  side¬ 
slip  angle  with  yaw  control  deflection  and  force  shall  be  essentially  linear  for 
sideslip  angles  between  +  15  degrees  and  -  15  degrees.  For  larger  sideslip 
angles,  an  increase  in  yaw  control  deflection  shall  always  be  required  for  an 
increase  in  sideslip  and,  although  a  reduction  of  yaw  control  force  gradient  is 
acceptable  outside  ins  range,  the  following  requirements  shall  apply: 

Level  i:  The  gradient  of  sideslip  angle  with  yaw  control 

force  shall  not  reverse  slope 

Level  2:  The  gradient  of  sideslip  angle  with  yaw  control 

force  is  permitted  to  reverse  slope  provided  the 
sign  of  the  yaw  control  force  does  not  reverse. 

The  term  gradient  does  not  include  that  portion  of  the  yaw  control  force  versus 
sideslip-angle  curve  within  the  preloaded  breakout  force  or  friction  band. 

DISCUSSION 

This  requirement  is  related  to  3.  3.  6.  1  of  MLL-F -8785B(ASG),  Refer¬ 
ence  10;  3.  3  and  3.4  of  AGARD  40 8 A,  Reference  46;  3.7.4.  3  of  RTM-37, 

Reference  47;  and  3.3.9  of  Mil — H-8501A,  Reference  15.  The  intent  of  the 
requirement  is  to  describe  the  static  directional  characteristics  of  the  air¬ 
craft  in  terms  normally  considered  by  the  pilot  (i.  e. ,  the  variation  of  cockpit 
control  deflection  and  force  with  sideslip  angle).  Linearity  of  control  deflec¬ 
tion  and  force  is  desirable  as  a  pilot  cue  in  controlling  sideslip  within  the 
range  of  sideslip  angles  specified.  Relaxation  on  gradient  requirements 
beyond  ±  15  degrees  of  sideslip  angle  is  permitted  based  on  practical  con¬ 
siderations  of  V/STOL  aircraft  design.  Reference  73  places  similar  require¬ 
ments  on  the  linearity  of  sideslip  angle  with  control  deflection.  Because  of 
possible  control  cross-coupling,  meeting  this  requirement  alone  will  not 
necessarily  assure  static  directional  stability;  however,  the  requirements 
of  3.  3.8.  1  of  the  V/STOL  Specification  are  also  directed  at  static  directional 
stability. 
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3.  3.  11.  2 


BANK  ANGLE  LN  STEADY  SIDESLIPS 


REQUIREMENT 

3.3.  11.2  Bank  angle  in  steady  sideslips.  For  the  sideslips  specified  in 
3.  3.  11.  an  increase  in  right  bank  angle  shall  accompany  an  increase  in 
right  sideslip,  and  an  increase  in  left  bank  angle  shall  accompany  an  in¬ 
crease  in  left  sideslip. 

DISCUSSION 

This  requirement  is  directed  at  the  desirability  of  providing  a  pro¬ 
per  sense  of  bank  angle  variation  with  sideslip  angle  as  a  possible  cue  to  the 
pilot  to  indicate  the  sense  and  magnitude  of  the  sideslip  angle.  The  require¬ 
ment  is  related  to  3.  3.6.2  of  MIL-F-8783B(ASG),  Reference  10,  and  3.7  of 
AGARD  408A,  Reference  4o.  It  should  be  noted  that  satisfying  the  require¬ 
ment  has  implication  on  ,  however,  as  shown  in  Reference  76  the  re¬ 
lationship  between  0  and  in  a  steady  sideslip  is  also  dependent  upon  Lp 

and  control  derivatives.  It  is  possible,  though  relatively  unlikely,  to  design 
an  aircraft  that  will  not  meet  this  requirement. 

There  is  some  evidence  to  indicate  that  zero  bank  in  straight  side¬ 
slips  is  not  objectionable.  However,  in  general,  opposite  bank  seems  to  be 
undesirable.  It  should  be  noted  that  for  many  V/5TOL  configurations  at  low' 
speed,  the  gradient  of  0  to  f3  is  normally  quite  small,  although  in  the  proper 
sense,  and  it  would  be  difficult  for  the  pilot  to  sense  sideslip  due  to  the  lack 
of  side  forces  related  to  0  .  Reference  73  examined  the  gradient  of  0  to p 
in  steady  sideslips  for  several  STOL  aircraft.  In  general,  for  these  aircraft, 
although  the  gradient  was  in  the  proper  sense,  little  side  force  due  to  bank 
angle  was  noted.  This  was  not  considered  to  be  a  problem  by  the  pilots. 


3.  3. 11. 3 


ROLLING  MOMENTS  IN  STEADY  SIDESLIPS 


REQUIREMENTS 

3-3-11-3  Rolling  moments  in  steady  sideslips.  For  the  sideslips  specified 
in  3-3-11,  left  roll  control  deflection  and  force  shall  be  required  in  left  side¬ 
slips,  and  right  roll  control  deflection  and  force  shall  be  required  in  right 
sideslips.  For  Levels  1  and  2,  the  variation  of  roll  control  deflection  and 
force  with  sideslip  angle  shall  be  essentially  linear. 

DISCUSSION 

This  requirement  is  directed  at  effective  positive  dihedral,  although 
it  would  be  possible  to  meet  such  a  requirement  by  use  of  control  cross- 
coupling.  The  requirement  is  similar  to  3.  3-6.  3  of  MIL-F-87853(ASG), 
Reference  10;  3-3.9  of  MLL-H-850LA,  Reference  IS;  3-5  and  3.6  of  AGARD 
408A,  Reference  46;  and  3.7.4.  3  cf  RTM-37,  Reference  47.  While  these 
documents  generally  agree  that  positive  dihedral  effect  is  desirable,  Princeton 
University  data  (References  88,  *00  and  101)  indicate  that  with  proper  vehicle 
modal  parameters  the  effect  of  positive  dihedral  on  pilot  rating  is  insignifi¬ 
cant  [see  Figure  1(3.  3.  9.  4)J.  Data  in  References  7  3  and  89  indicate  that  the 
pilot's  desired  level  of  effective  dihedral  is  related  to  such  problems  as  low 
directional  damping,  turn  coordination,  turbulence  response,  and  spiral 
instability-  In  general,  the  designer  must  select  based  on  a  trade-off  of 
spiral  stability  and  Dutch  roll  mode  stability.  Increasing  positive  effective 
dihedral  increases  Dutch  roll  mode  frequency  and  reduces  Dutch  roil  mode 
damping  but  tends  to  stabilize  the  spiral  mode,  while  *he  opposite  occurs  for 
negative  effective  dihedral  (Z.^  >0).  The  effect  this  can  have  on  pilot  lating 
is  illustrated  on  Figure  1(3.  3.  1 1.  3)  for  a  simulator  study  discussed  in 
Reference  1 1G. 

Reference  111  examined  the  effect  of  dihedral  on  V/STOL  directional 
handling  qualities.  The  results  are  described  in  terms  of  directional  rate 
damping  (  ».  and  directional  control  sensitivity  {  '/a  ),  see  Figure 

2( 3.  3.  11.3).  The  results  of  this  investigation  indicate  that  dihedral  had  no 
significant  influence  on  pilot  rating  when  the  combinations  of  Nr  and  M§eP 
would  result  in  an  aircraft  that  is  acceptable  only  for  emergency  opera  tion. 

For  combinations  of  tJr  and  ^£p  that  resulted  in  a  pilot  rating  of  3.3, 
increased  amounts  of  both  damping  and  control  sensitivity  were  required  for 
slight  increases  in  positive  effective  dihedral.  Fo.  relatively  large  values 
of  positive  dihedral,  an  additional  increase  in  the  dihedral  effect  had  a 
relatively  insignificant  effect  on  damping,  control  sensitivity,  and  pilot  rating. 
Similar  results  on  the  effect  of  positive  dihedral  are  discussed  in  Refer¬ 
ence  87.  Figure  3(3.3.  11.3)  illustrates  the  data  presented  in  Reference 
73  or.  the  influence  of  dihedral  on  pilot  rating. 

The  requirement  on  linearity  of  roil  control  deflection  and  force  with 
sideslip  angle  imposed  to  provide  a  consistent  cue  to  the  p;,ot  of  the  mag¬ 
nitude  of  sideslip  as  an  aid  to  precision  control  of  the  flight  path. 
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3.  3.11.3.1 


V 

o 


POSITIVE  EFFECTIVE  DIHEDRAL  xJMIT 


REQUIREMENT 

3.3.11.3.1  Positive  effective  dihedral  limit.  For  Level  1,  positive  effec¬ 
tive  dihedral  (right  roll  control  for  right  sideslip  and  left  roll  control  for 
left  sideslip}  shall  never  be  so  great  that  more  than  50  percent  of  the  roll 
control  power  available  to  the  pilot  and  no  more  than  7.  5  pounds  of  roll  con¬ 
trol  force  are  required  for  sideslip  angles  which  might  be  experienced  ir 
service  employment.  The  corresponding  limits  for  Level  2  shall  be  75  per¬ 
cent  and  10  pounds. 

DISCUSSION 

The  intent  of  this  requirement,  is  to  limit  the  positive  effective 
dihedral  in  terms  of  roll  control  power  -nd  roll  control  forces  required  in 
steady-  sideslips.  This  requirement  is  similar  to  3.  3.  6.  3.  2  of  MIL-F  - 
8785B(ASG),  Reference  10;  3. 5  and  3. 6  of  AGARD  4C8A,  Reference  4br 
and  3.7.4.  3  of  RTM-37,  Reference  47. 

<?■ 

It  is  necessary  to  restrict  the  amount  of  effective  positive  dihedral 
based  on  considerations  of  turbulence  response  and  cross-wind  flight  where 
large  effective  dihedral  will  tend  to  use  up  the  available  lateral  control 
power.  Figure  3(3.3.  11.3}  indicates  that  the  pilots  acceptance  of  large 
positive  dihedral  effect  is  also  dependent  upon  the  vehicle  dynamics,  and 
turn  coordination  characteristics,  however,  in  general,  pilot  rating  worsens 
with  increased  effective  lihedraL 
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3.4 


TRANSITION 


REQUIREMENT 

3-4  Transition.  The  transition  requirements  are  applicable  to  the  ac¬ 
celerating  or  decelerating  transition  maneuver  itself,  and  not  to  the  maneu-r 
vering  capability  when  operating  about  a  fixed  operating  point  defined  by 
some  trim  speed  lying  in  the  range  between  hover  and  Vcon.  For  operation 
around  such  fixed  operating  points,  the  requirements  of  3.  2  and  3.  3  shall 
apply.  Compliance  shall  be  demonstrated  when  performing  transition  pro¬ 
files  as  defined  by  the  mission  requirements.  The  transition  maneuver  re¬ 
quirements  shall  be  met  for  all  applicable  Aircraft  States  except  Aircraft 
Special  Failure  States. 

DISCUSSION 

This  general  statement  defines  the  conditions  for  which  the  require¬ 
ments  of  3.4  apply.  A  discussion  of  how  the  transition  requirements  (3.4) 
fit  into  the  specification  structure  as  a  whole,  is  given  in  Section  III.  Also 
given  ir.  Section  III  is  an  explanation  of  what  is  meant  by  the  term  transition, 
and  some  background  philosophy  on  the  transition  requirements. 

It  has  been  pointed  out  in  the  discussion  of  paragraph  3.  1  that  the 
definitions  of  Flight  Envelopes  are  concepts  which  do  not  apply  during  tran¬ 
sition.  The  question.-  then,  is  how  to  treat  transition.  An  attempt  will  be 
maue  to  clarify  the  desired  intent  as  the  specific  requirements  are  dis¬ 
cussed.  Overall  it  should  be  remembered  that,  the  concept  of  Levels  does 
apply.  There  are  transition  Flight  Phases;  during  such  transitions.  Level  1 
flying  qualities  are  required.  There  are  no  quantitative  requirements  in 
3. 4  with  a  breakdown  for  Levels,  hence  the  Level  concept  will  be  applied  in 
its  qualitative  sense  defined  in  paragraph  1.5,  e.  g. ,  Level  1:  flying  qualities 
are  clearly  adequate  ior  the  mission  Flight  Phase.  This  is  required  even 
though  for  a  particular  aircraft  the  transition  may  pass  -hrough  a  region  of 
the  speed,  altitude  and  load  factor  space  in  a  configuration  which  would, 
for  fixed  operating  point  operation,  be  considered  outside  the  Operational 
Flight  Envelope  {  or  even  outside  the  Permissible  Flight  Envelope). 
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3.4.  1  ACCELERATION -DECELERATION  CHARACTERISTICS 

REQUIREMENT 

3-4.1  Acceleration-deceleration  characteristics.  From  every  possible 
fixed  operating  point  at  speeds  below  Vcon,  with  the  aircraft  trimmed  at  the 
operating  point,  it  shall  be  possible  to  accelerate  rapidly  and  safely  to  V con 
at  approximately  constant  altitude  and  also  on  any  other  flight  path  as  re¬ 
quired  by  the  operational  missions  of  3.  1.  1.  From  trimmed  steady,  level, 
unaccele rated  flight  at  Vc05n,  it  shall  be  possible  to  decelerate  rapidly  and 
safely,  at  approximately  constant  altitude  and  also  on  any  other  flight  path 
as  required  by  the  mission,  to  ail  fixed  operating  points  at  speeds  below 
V con-  The  time  taken  for  these  maneuvers  and  the  altitudes  flown  shall  be 
those  designated  by  the  mission  requirements.  It  shall  be  possible  to 
execute  these  maneuvers  without  restriction  due  to  factors  such  as  pitch, 
roll,  or  yaw  control  power,  pitch  trim,  stalling  or  buffeting,  or  thrust 
response  characteristics.  All  controls  required  to  effect  a  transition  shall 
be  easily  operated  by  one  pilot. 

DISCUSSION 

An  aircraft  which  has  an  Operational  Flight  Phase  in  the  speed  range 
V  to  Vcon  should  be  able  to  accelerate  to  Vcon  (and  above)  as  required  by 
the  operational  missions.  Also,  it  should  be  able  to  decelerate  from  any 
appropriate  fixed  operating  point  (FOP)  in  the  Service  Flight  Envelope  in 
the  speed  range  below  Vcon.  TLis  concept  is  illustrated  in  Figure  1(3.4.  1). 
The  phrase  "every  possible  fixed  operating  point*  in  paragraph  3-  4.  1  has 
been  restricted  to  points  in  the  Service  Flight  Envelope  since  it  is  considered 
that  the  following  requirement  (3.4.2)  adequately  covers  points  in  the 
Permissible  Flip  at  Envelope. 

Transitions  between  points  in  the  Operational  Envelope  correspond¬ 
ing  to  Flight  Phase  A  and  points  in  the  Operational  Flight  Envelope  corre¬ 
sponding  to  Flight  Phase  B,  if  designated  as  a  required  Flight  Phase  (e.  g.  , 
TT  or  NT),  should  be  flyable  with  Level  1  flying  qualities  in  the  sense  defined 
in  paragraph  1.  5. 

The  intent  of  tfaic  requirement  is  to  ensure  that  the  transition  maneu¬ 
vers  dictated  by  operational  requirements  can  be  performed  safely  and 
quickly  without  excessive  pilot  attention  to  aircraft  attitude,  airspeed,  trim 
or  other  factors  which  would  reduce  the  ability  to  control  the  aircraft  about 
a  chosen  flight  path.  No  requirements  have  been  imposed  on  the  time  re¬ 
quired  to  perform  the  selected  transition  maneuver  since  this  parameter  is 
dependent  upon  the  mission  of  the  aircraft.  However,  the  rapidity  of  the 
transition  should  not  be  limited  by  aircraft  controllability  about  any  axis. 

It  is  desirable  that  the  pilot  need  only  operate  primary  flight  controls, 
power  setting  and/or  thrust  angle  controls  throughout  the  transition-  Inad¬ 
vertent  operation  of  automatic  devices  operated  during  transition  should  be 
avoided  and  the  performance  of  such  devices  should  be  easily  monitored  by 
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the  pilot-  To  minimize  the  pilot  workload  it  will  be  necessary  to  ensure 
that  the  phasing  of  controls  necessary  to  perform  the  transition  is  simple 
and  that  a  large  number  of  separate  tasks  are  avided  so  that  the  pilot  is  not 
oversaturated  by  the  information  necessary  to  accomplish  the  transition 
maneuver  and  control  the  flight  path  of  the  aircraft. 


F LIGHT  ENVELOPES 


OPERATIONAL 


SERVICE 


PERMISSIBLE 


SPEEDS  AT 


FLIGHT 
PHASE  A" 


-FLIGHT  PHASE  B- 


Figunt  1  (3.4.1)  EXAMPLES  OF  TRANSITIONS  FOR  WHICH  3.4.1  APPLIES 
(B-*C:  E-»D.  D-»*.  D-m-A) 
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3-4.2 


FLEXIBILITY  OF  OPERATION 


REQUIREMENT 

3-4.2  Flexibility  of  operation.  At  any  time  during  a  transition  it  shall  be 
possible  for  the  pilot  to  quickly  and  safely  stop  the  transition  maneuver  and 
reverse  its  direction. 

DISCUSSION 

The  purpose  of  this  requirement  is  to  provide  the  pilot  with  the  option 
of  changing  his  mind;  it  should  not  be  mandatory  for  a  transition  to  be  com¬ 
pleted  once  it  has  been  initiated.  The  concept  required  is  illustrated  by 
Figure  1(3. 4.  2).  An  accelerating  transition  A  to  E  should  be  capable  of 
being  aborted  at  any  point.  For  example,  if  it  is  aborted  at  B,  the  accelera¬ 
tions  should  diminish  to  zero  when  the  fixed  operating  point  C  is  reached. 
Point  C  should  be  within  the  Permissible  Flight  Envelope.  From  C  it  should 
be  possible  to  return  back  into  the  Operational  Flight  Envelope  corresponding 
to  Flight  Phase  A  (point  D).  It  should  also  be  possible  to  reverse  the  sense 
of  the  transition  at  point  B  (rather  than  stopping  the  transition),  and  return 
directly  to  D.  A  similar  argtxnent  holds  for  decelerating  transitions  which 
should  be  capable  of  being  aborted  at  F  with  the  option  of  returning  directly 
to  H  or  holding  at  G  and  then  returning  to  H. 

The  need  for  this  requirement  is  based  both  on  possible  operational 
usage  and  for  flight  safety.  F ram  operational  or  tactical  considerations  it 
may  be  desirable  to  stop  the  transition  or  reverse  the  transition.  F rom 
safety  considerations,  the  transition  could  involve  automatic  devices  which 
in  the  event  of  a  malfunction  could  result  in  dangerous  and  unrecoverable 
aircraft  attitudes  unless  the  pilot  can  stop  the  transition  and  either  operate 
about  a  fixed  operating  point  or  reverse  the  transition.  The  requirement 
that  any  stopped  transition  results  in  fixed  operating  point  flight  within  the 
Permissible  Flight  Envelope  means  that  Level  3  flying  qualities  will  be 
available  and  that  the  aircraft  can  be  landed  safely. 

Reference  112  indicates  that  in  the  P.  1127  V/STOL,  the  pilot’s 
ability  to  stop  and/or  reverse  the  transition  maneuver  at  any  point  is  a 
feature  which  significantly  contributed  to  the  pilot’s  comfort  and  confidence 
during  the  performance  of  the  transition  maneuver. 
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CONFIGURATION  VARIABLE^* 
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Rgure  V3.4JZ)  EXAMPLES  OF  TRANSITIONS  ILLUSTRATING  FLEXIBILITY  OF  OPERATION 


o 


3.4.3 


TOLERANCE  IN  TRANSITION  PROGRAM 


REQUIREMENT 

3.4.3  Tolerance  in  transition  program.  It  shall  be  possible  to  change 
from  hover  or  minimum  speed  to  conventional  flight,  and  vice  versa,  safely 
and  easily.  There  shall  be  no  need  for  precise  programming  by  the  pilot  of 
engine  power,  fuselage  attitudes,  wing  or  lift  engine  tilt,  etc. ,  in  terms  of 
speed  or  time,  such  as  to  demand  excessive  pilot  skill  and  attention. 

DISCUSSION 

The  basic  intent  of  this  requirement  is  to  ensure  that  excessive  pilot 
skill  and  attention,  and  precise  pilot  programming  of  engine  power,  etc.  , 
are  not  required  when  the  pilot  is  performing  transition.  Although  precise 
programming  may  be  required  of  the  devices  used  to  transition,  manual 
control  of  transition  shall  not  be  complex  and  result  in  significant  increases 
in  pilot  workload. 

The  need  for  precise  programming  would  arise  if  the  allowable 
transition  corridor  was  too  narrow.  This  is  illustrated  on  Figure  1(3.4.  3). 
At  just  over  35  knots  there  is  a  very  restricted  range  of  speeds  allowed  as 
the  configuration  changes.  To  pass  through  such  a  narrow  corridor  would 
require  the  pilot  to  exercise  very  careful  control  over  the  transition,  making 
the  aircraft  difficult  to  fly  and  diverting  the  pilot's  attention  from  other  tasks. 
Ideally  the  corridor  will  be  very  wide  and  natural  phenomena  such  as  unusual 
attitudes  (not  dangerous  attitudes)  will  alert  the  pilot  that  he  is  fcoo-fasT?  ' 
too  slow,  or  needs  more  or  less  power,  etc.  Pilot  control  of  transition 
should  not  diyextthe  pilot's  attention  from  any  operational  task  required  to 
be  performed  during  the  transition  in  such  a  manner  as  to  compromise  the 
operational  effectiveness  of  ’he  aircraft. 
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F  ifure  1  {3-4.3)  ILLUSTRATION  OF  TRANSITION  REQUIRING  PRECISE  PROGRAMMING 
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3.4.4 


CONTROL  MARGIN 


REQUIREMENT 

3.4.4  Control  margin.  To  allow  for  disturbances  and  for  maneuvering,  the 
margin  of  control  power  remaining  at  any  stage  in  the  transition  shall  not  be 
less  than  50  percent  of  the  nominal  pitch,  roll  and  yaw  control  moments 
available. 

DISCUSSION 

The  intent  of  rt»i«  requirement  is  to  provide  sufficient  control  power 
margin  to  allow  the  pilot  to  control  gurt  disturbances  and  to  maneuver  the 
aircraft  as  required  during  the  transition.  This  requirement  is  similar  to 
5.  5  of  AGARD  408A  (Reference  46)  except  that  the  value  of  control  margin 
has  been  changed  to  50%  and  extended  to  the  roll  and  yaw  axes. 

Reference  112  indicates  that,  although  the  P.  1127  suffers  from  a  lack 
of  stability  about  the  pitch  axis  in  transition,  the  abundance  of  control  power 
and  the  precise  response  of  the  control  system  helped  compensate  for  the 
lack  of  stability  at  low  speeds. 

Reference  77  on  die  CL-84  aircraft  reports  that  the  aircraft  has  an 
undesirable  tendency  to  settle  (50  foot  loss  in  height)  during  the  terminal 
phase  of  constant  altitude  conversions,  however  the  ability  to  rotate  the  nose 
up  could  minimize  this  condition. 
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3.4.5 


TRIM  CHANGES 


REQUIREMENT 

3* 4*  5  Trim  changes.  Ail  trim  changes  throughout  the  transition  shall  be 
small.  Without  retrimming,  the  pitch  control  forces  shall  not  exceed  15 
pounds  pull  or  7  pounds  push. 

DISCUSSION 

The  purpose  of  this  requirement  is  to  limit  the  forces  which  have  to  be 
applied  by  the  pilot  to  maintain  the  aircraft  on  the  nominal  transition.  It  is 
very  likely  that  automatic  phasing  of  controls  (e.  g.  ,  gearing  of  elevator  angle) 
will  be  necessary  to  counteract  the  moment  changes  received  by  configuration 
changes  such  as  tilting  the  wing.  The  designer  can  do  this  relatively  easily 
for  a  certain  transition.  However,  perturbations  from  this  transition  could 
result  in  errors;  these  the  pilot  will  have  to  control.  The  forces  that  the 
pilot  should  be  expected  to  encounter  while  performing  any  transition  are 
limited  by  this  requirement. 

Ihis  requirement  is  similar  to  5.6  of  AGARD  408A,  Reference  46. 
However,  the  trim  change  requirement  is  now  extended  to  all  axes,  and  the 
pitch  control  forces  have  been  modified.  Flight  test  reports  that  have  docu¬ 
mented  forces  during  transition  show  that  they  are  generally  moderate.  For 
example.  Reference  116  shows  maximum  forces  of  approximately  6  pounds 
pull  and  push  during  XC- 142  transitions.  Eight  control  forces  of  lesi  than 
o  pounds  at  full  displacement  in  transition  are  reported  for  the  XV- 6A 
(P.  1127)  in  Reference  112,  Howevet,  Reference  66  indicates  that  for  con¬ 
version  from  conventional  to  fan  powered  flight  during  transition,  the  XV-5A 
required  forces  of  approximately  15  pounds  pull  to  prevent  altitude  loss  and 
these  maneuvers  were  assigned  a  pilot  rating  of  2.  5.  The  force  limits  of  this 
requirement  reflect  the  above  data. 
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3.4.6 


RATE  OF  PITCH  CONTROL  MOVEMENT 
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REQUIREMENT 

3.  4.  6  Rate  of  pitch  control  movement.  During  transition,  with  the  max¬ 
imum  available  rate  of  change  of  forward  speed,  the  rate  of  pitch  control 
movement  to  maintain  trim  shall  not  exceed  1  inch  per  second. 

DISCUSSION 

The  pilot  has  a  two  part  task  during  transition: 

a.  to  maintain  the  aircraft  on  the  nominal  transition 
trajectory  oi  speed  and  flight  path,  and 

b.  to  control  perturbations  about  this  nominal. 

The  control  position  required  to  perform  (a)  may  be  thought  of  as 
the  trim  variation  (though  of  course  fee  aircraft  is  never  trimmed  in  the 
sense  of  being  in  equilibrium).  The  significance  of  this  trim  variation  will  be 
from  three  aspects: 

a.  how  rapidly  the  aircraft  diverges  due  to  errors  in  trim, 

b-  fee  magnitude  of  fee  trim  forces  required,  and 

c.  fee  size  of  the  trim  control  displacements. 

The  rapidity  of  divergence  is  probably  fee  most  important  of  these 
three  effects.  However,  it  is  dependent  not  only  on  fee  out-of-trim  moment, 
but  also  on  the  dynamics  of  fee  aircraft.  As  discussed  in  Section  m,  there 
are  presently  no  quantitative  data  on  which  to  base  requirements  for  fee 
dynamics  desired  during  transition.  Nor  are  there  any  quantitative  data  on 
out-of-trim  moments.  As  a  result,  limits  have  been  placed  on  fee  magnitude 
of  fee  trim  forces  and  the  rate  cf  control  displacements  since  these  are 
closely  tied  to  fee  rate  of  divergence  that  is  being  controlled.  It  appears 
reasonable  to  limit  divergences  to  such  levels  as  can  be  controlled  by  stick 
deflections  of  1  inch/ second. 
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3.5 


CHARACTERISTICS  OF  THE  FLIGHT  CONTROL  SYSTEM 


REQUIREMENT 

3.  5  Characteristics  of  the  flight  control  system.  These  requirements  are 
concerned  with  those  aspects  of  the  flight  control  system  which  are  directly 
related  to  flying  qualities,  and  are  imposed  in  addition  to  the  requirements 
of  the  applicable  control  system  design  specifications,  e.g. ,  MIL-F-9490  for 
Air  Force  procurements  or  MIL-C- 18244  for  Navy  procurements.  Meeting 
the  following  requirements  separately  will  not  necessarily  ensure  that  the 
overall  system  will  be  satisfactory;  the  mechanical  characteristics  must  be 
compatible  with  the  nonmechanical  portions  of  the  control  system  and  with  the 
aircraft  d}  -mic  characteristics.  The  requirements  apply  at  all  speeds  up 
to  Vcon* 

DISCUSSION 

Because  V/STOL  aircraft  generally  exhibit  reduced  stability  and 
damping  characteristics  in  hovering  and  low  speed  flight,  it  is  extremely 
important  that  the  characteristics  of  the  flight  control  system  do  net  further 
degrade  the  vehicle's  flying  and  handling  qualities.  Although  the  require¬ 
ments,  for  the  most  part,  are  specified  separately,  consideration  should  be 
given  to  the  overall  system  compatibility  to  assure  satisfactory  accomplish¬ 
ment  of  the  aircraft  mission. 

Section  3.5  deals  with  the  whole  flight  control  system  including,  as 
defined  in  MIL- F- 9490,  the  primary,  secondary,  and  automatic  flight  control 
systems.  No  separation  of  the  requirements  along  these  lines  is  made  since 
there  might  be  unnecessary  controversy  in  classifying  some  of  the  unique 
control  systems  characteristic  of  V/STOL  aircraft.  These  requirements  are, 
of  necessity,  largely  qualitative  since  either  a  scarcity  of  data  exists  or  the 
complex  interplay  of  the  various  control  system  characteristics  makes 
selection  of  specific  values  for  a  given  parameter  difficult  or  unrealistic.  As 
a  result  the  requirements  rely  heavily  on  the  use  of  the  Level  structure  as 
outlined  in  1.5. 


3.5.1  MECHANICAL  CHARACTERISTICS 

O - 

REQUIREMENT 

3.  5.  1  Mechanical  characteristics.  Some  of  tne  important  mechanical 
characteristics  of  control  systems  (including  servo  valves  and  actuators)  are: 
friction  and  preload,  lost  motion,  flexibility,  mass  imbalance  and  inertia, 
nonlinear  gearing,  and  rate  limiting.  Requirements  for  these  characteristics 
are  contained  in  3.5.  1.  1  through  3.5.  1.7. 

DISCUSSION 

.  This  paragraph  outlines  some  of  the  important  mechanical  charac¬ 

teristics  which  must  be  considered  collectively  in  commenting  on  the  accept¬ 
ability  of  a  flight  control  system  and  forms  an  introduction  to  the  following 
seven  paragraphs. 
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3.5.  1.  1 


CONTROL.  CENTERING  AND  BREAKOUT  FORCES 


% 


REQUIREMENT 

3.  5.  1.  1  Control  centering  and  breakout  forces.  Pitch,  roll,  and  yaw  con¬ 
trols  shall  exhibit  positive  centering  in  flight  at  any  normal  trim  setting. 
Absolute  centering  is  not  required.  The  combined  effects  of  centering, 
breakout  force,  stability,  and  force  gradient  shall  not  produce  objectionable 
flight  characteristics,  such  as  poor  precision-tracking  ability,  or  permit 
large  departures  from  trim  conditions  with  controls  free.  Breakout  forces, 
including  friction,  preload,  etc. ,  refer  to  the  cockpit  control  force  required 
x  start  movement  of  the  control  surface  in  flight.  The  requirements  for 
•  -eakout  force  are  given  in  tables  X  and  XI.  Table  X  applies  for  all  speeds 
less  than  35  knots.  At  Vcon,  the  values  shown  in  table  XI  apply  for  Levels 
1  and  2;  for  Level  3  the  maximum  values  may  be  doubled.  Between  35  knots 
and  VCOn,  the  breakout  force  may  increase  to  but  not  exceed  the  V con  value 
provided  the  change  in  breakout  force  with  speed  is  not  objectionable. 

TABLE  X.  Allowable  Breakout  Forces,  Pounds,  V<  35  knots 


Cockpit  Control 

Level  1 
min/ wax 

Level  2 
min/ max 

Level  3 

max 

Pitch 

0.5/1. 5 

0. 5/3.0 

6.0 

Roll 

0.5/1. 5 

0. 5/2.0 

4.0 

Yaw 

2.017.0 

2.0/7 .0 

14.0 

Thrust 

throttle  type 

1. 0/3.0 

1. 0/3.0 

3.0 

Magnitude 

collective  type 

1. 0/3.0 

1. 0/3.0 

6.0 

TABLE  XI.  Allowable  Breakout  Forces  at  V  .  Pounds 

con 


Control 

Classes  I,  II,  IV 

Class  III 

min 

sax 

min 

max 

Pitch 

0.5 

3.0 

0.5 

5.0 

Roll 

0.5 

2.0 

0.5 

4.0 

Yaw 

2.0 

7.0 

2.0 

14.0 

The  minimum  thrust-magnitude-control  breakout  force  may  be  measured 
with  adjustable  friction  set.  Measurement  of  breakout  forces  on  the  ground 
v/jll  ordinarily  suffice  in  lieu  of  actual  flight  measurement,  provided  quali¬ 
tative  agreement  between  ground  measurement  and  flight  observation  can  be 
established. 
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Positive  centering  is  defined  as  the  tendency  for  a  cockpit  control  to 
return  to  its  initial  position  following  release  from  a  deflected  position.  With 
absolute  centering,  a  cockpit  control  will  always  return,  unassisted,  exactly 
to  its  trim  position  when  released. 

Positive  centering  aids  the  pilot  in  gauging  the  magnitude  of  control 
displacements  frcxn  trim  and  in  returning  to  trim  following  maneuvering. 

This  characteristic  is  extremely  desirable  in  V/STO L,  aircraft  in  hovering 
and  low  speed  flight  where  their  inherent  aerodynamic  stability  is  lowest. 
References  114  and  115  note  that  positive  centering  is  also  a  desirable  char¬ 
acteristic  during  instrument  flight  conditions. 

The  following  discussion  is  presented  to  illustrate  the  intent  of  this 
requirement.  It  is  not  intended  to  be  a  comprehensive  analysis  of  the  myriad 
of  possible  force  feel  system  configurations. 

Figure  la(3.  5.  1.  1)  illustrates  the  cockpit  control  static  force-deflection 
characteristic  obtained  with  a  simple  linear  spring  force-feel  system.  It  is 
assumed  there  is  no  force  feedback  from  the  control  surfaces.  This  system 
has  absolute  centering  since,  upon  removal  of  the  applied  force,  the  control 
returns  to  its  initial  position. 

The  more  usual  situation  in  an  aircraft  control  system  is  to  have  some 
residual  friction  which  results  in  a  force-feel  characteristic  as  illustrated  in 
Figure  lb(3.  5.  1.  1).  This  control  system  possesses  positive  but  not  absolute 
centering.  If  the  control  is  displaced  by  a  force  from  the  initial  position  to 
point  A  and  released,  the  control  tends  to  return,  but  due  to  friction  stops 
at  B,  short  of  the  trim  position.  If  displaced  to  position  C  and  released,  the 
control  will  not  return  but  remain  deflected  at  D  with  zero  force.  In  fact, 
the  control  may  occupy  deflected  positions  from  E  to  B  with  zero  force.  Trie 
greater  the  magnitude  of  this  zero  force  displacement  band  relative  to  the 
total  control  deflection,  the  leas  positive  the  centering  characteristic.  Over 
this  hand,  the  lack  of  control  force  provides  no  cue  to  the  pilot  as  to  the 
magnitude  of  the- control  deflection.  For  this  example,  the  centering  char¬ 
acteristic  can  be  made  more  positive  by  increasing  the  force  gradient  or 
decreasing  the  friction.  However,  control  gradients  can  only  be  increased 
subject  to  the  limitations  of  paragraph  3.  5,  1.  Z  and  small  amounts  of  residual 
friction  may  be  difficult  to  eliminate. 

It  is  possible,  however,  to  further  reduce  the  trim  control  displace¬ 
ment  band  through  the  introduction  of  preloaded  springs  to  the  force-feel 
system.  The  improvement  of  the  centering  cba  racteristic  with  preload  is 
indicated  in  Figure  lc( 3.  5.  1.  1).  However,  preload  cannot  be  used  indis- 
criminantly  to  achieve  good  control  centering  because  of  the  possibility  of 
excessive  breakout  forces.  Excessive  breakout  forces  tend  to  make  precise 
maneuvering  difficult  and  can  lead  to  overcontrolling  especially  when  com¬ 
bined  with  relatively  low  force  gradients.  The  cockpit  control  breakout 
force  is  taken  to  be  the  force  which  must  be  overcome  to  start  movement  of 
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the  cockpit  control,  starting  from  a  control  position  midway  through  the  trim 
displacement  band.  In  the  example  of  Figure  lc(3.  5.  1.  1),  the  breakout  force 
is,  therefore,  equal  to  one-half  the  friction  force,  plus  the  preload. 

No  quantitative  limits  are  specified  for  control  centering  character¬ 
istics  because  of  the  lack  of  a  suitable  data  base.  However,  the  specifica¬ 
tion  does  require  that  the  effects  of  centering,  together  with  other  control 
system  characteristics,  shall  not  produce  objectionable  flying  qualities. 

This  requirement  places  quantitative  limits  on  breakout  forces  in 
terms  of  the  forces  required  to  start  movement  of  the  appropriate  control 
suxface(s).  This  breakout  force  will  be  equal  to  the  cockpit  control  break¬ 
out  force  only  if  there  is  a  unique  control  surface  position  corresponding  to 
each  cockpit  control  position.  This  unique  relationship  will  not  exist,  for 
example,  if  there  is  free  play  (as  defined  in  Paragraph  3.  5.  1.  3)  in  the  control 
system  between  the  cockpit  control  and  the  appropriate  control  surface. 

Since  the  vehicle  cannot  respond  to  control  inputs  until  die  control  surface 
moves,  it  is  considered  that  this  definition  of  breakout  force  yields  a  more 
meaningful  force-feel  system  parameter. 

The  specification  allows  die  use  of  ground  measured  breakout  forces 
when  qualitative  agreement  between  ground  and  in-flight  measured  char¬ 
acteristics  can  be  established.  Ground  measurements  will  generally  not  be 
adequate  when  there  is  significant  control  surface  aerodynamic  force  feed¬ 
back  to  the  cockpit  controls  or  when  the  characteristics  of  control  surface 
actuators  are  altered  by  aerodynamic  force  feedback. 

There  is  general  agreement  among  handling  qualities  investigators 
that  a  minim  ixn  value  of  breakout  force  is  desirable  to  reduce  the  probability 
of  inadvertent  control  inputs,  while  an  upper  limit  is  necessary  to  facilitate 
precise  maneuvering  and  reduce  the  tendency  to  overcontrol.  The  specifica¬ 
tion  takes  cognizance  of  the  fact  that  lighter  breakout  forces  are  desirable  in 
hover  and  low  speed  flight,  as  opposed  to  conventional  cruise  conditions,  to 
minimize  pilot  fatigue. 

Table  1(3.5.  1.  1)  lists  the  breakout  force  characteristics  specified 
in  AGARD  408A  (Reference  46J,  MIL-H-850LA  (Reference  15)  and  RTM-37 
(Reference  47),for  comparison  with  the  hover  and  low  speed  requirements 
of  the  present  V/STOL.  specification  (Reference  1).  The  Level  1  values  are 
identical  to  those  of  MIL-H-8501A  with  the  exception  of  the  minimum  yaw 
control  breakout  force. 

The  requirements  of  RTM-37  are  seen  to  be  in  reasonable  agreement 
with  the  V  /STOL  specification  if  Normal  Operation  is  taken  to  correspond 
to  Level  Z  handling  qualities  and  After  Failure  of  Power  Control  to  correspond 
to  Level  3. 
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Table  2(3.5.  1.  1)  summarizes  breakout  force  data  for  existing  V  /STOL. 
aircraft.  Aircraft  with  satisfactory  characteristics  are  generally  within  the 
i-cvel  1  requirements  of  Table  X  and  where  objectionable  characteristics 
are  cited,  the  breakout  forces  correspond  to  Level  2  or  3  values. 


Table  1(3.5.  1.1) 
COMPARISON  OF  BREAKOUT  FORCES 


Cockpit  Control 

Min/Max  Breakout  Force,  Pounds 

AGARD  40 8 A 
(Ref.  46) 

HIL-H-8501A 
(Ref.  IS) 

KIM- 37  (Ref.  47) 

Normal 

Operation 

After  Failure  of 
Power  Control 

Elevator 

0.5/2.S 

0.5/1. 5 

0.5/2. 5 

5.0 

Aileron 

0. 5/2.0 

0.5/1. 5 

0. 5/2.0 

4.0 

Rudder 

3.0/7. 0 

1.0/10.0 

15.0 

Thrust  -  throttle 

- 

1. 0/3.0 

3.0 

-  collective 

1. 0/3.0 

1. 0/3.0 

1. 0/3.0 

5.0  ' 

Table  2(3.5.  1.1) 
MEASURED  BREAKOUT  FORCES 


Breakout  Force,  Potxids 

Aircraft 

Reference 

Elevator 

Aileron 

Rudder 

Remarks 

P.1127(XV-6A) 

112 

0. 5-1.0 

0.5-1. 0 

5.5 

Desirable 

IV-5A 

66- 

4.0 

3.0 

5.0 

Lower  in  Flight  -  Pilots 

XV-5A 

113 

1.0 

1.0 

2.0 

- 

XC-142A 

116,  117 

1. 0-2.0 

1. 0-2.0 

10.0-14.0 

Direct,  too  high 

X-22A 

117 

0.7 

0.6 

8.0 

Long,  and  lat.  too  low 
Dir.  acceptable  for 
research  role 

X-22  Six. 

117 

0.5 

0.5 

3.0 

Optima  from  Sim. 

CL- 84 

77 

0.9 

0.9 

-5.0 

Boost  on 

CL- 84  . 

77 

3.0 

3.0 

5.0 

Boost  off 

SC-1 

118 

1.0 

1.0 

5.0 

- 

CH  46,  47 

117 

1.0-1. 5 

1.0 

9.0-13.0 

Long.  %  Dir.  too  high 
for  hover 

Eaman  Co. 

117 

0.5 

0.5 

' 

Considered  optii*n* 

AH-1G 

91 

3 

2 

- 

Breakout  high 
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WT,  _LSJ^f1?Cati0n  rcco«ni2e*  th2Lt  above  Vcoo,  the  requirements  of 
MTL-F-8785B(Reference  10)  will  be  imposed.  Therefore  at  Vcon,  the-  most 
lement  values  demanded  by  MIL-F-8785B  have  been  imposed.  Between  35 
knots  and  Vcoo,  an  unobjectionable  phasing  is  required.  The  Lovel  bound¬ 
aries  are  indicated  in  Figure  2(3.  5.  1.  1). 


B.O.  FORCE  ~  LB  B.O.  FORCE  ~  LB  B.O,  FORCE 


KEAKOUT 
FORCE  LEVELS 

FROMBIL^nB 

CREF.1M 


ROLL 

/////////  classes  nr 
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/AS///  ///  CLASSES!  IC.  IV 
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//////// /  CLASSES!  SrC.lSl 


v/////a//ysa/z 
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V-KTS 
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Figure  2  (3,5. 1.1)  LEVEL  i  BREAKOUT  FORCE  REQUIREMENTS 
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3.  5.1.2 


COCKPIT  CONTROL  FORCE  GRADIENTS 


REQUIREMENT 

3.  5.  1.2  Cockpit  control  force  gradients.  At  speeds  up  to  35  knots,  the 
pitch,  roll  and  yaw  control  force  gradients  shall  be  within  the  range  specified 
in  table  XU  throughout  the  range  of  control  deflections.  From  35  knots  to 
VCon»  transition  of  the  gradients  to  the  values  required  to  comply  with  MIL- 
F -8785  at  VCQn  is  allowed  in  any  manner  which  is  not  objectionable  to  the 
pilot.  In  addition,  the  force  produced  by  a  1-inch  travel  from  trim  by  the 
gradient  chosen  shall  not  be  less  than  the  breakout  force.  For  the  remaining 
control  travel,  the  local  gradients  shall  not  change  by  more  than  50  percent 
in  one  inch  of  traveL  The  thrust  magnitude  control  should  preferably  have 
zero  force  gradient. 

TABLE  XII.  Allowable  Control  Force  Gradients,  Founds/Inch 


Level  1 

Level  2 

■in 

■ax 

■in 

■ax 

Pitch 

0-5 

3.0 

0.5 

5.0 

Boll 

0.5 

2.5 

0.5 

5.0 

Yaw 

5.0 

10.0 

5.0 

20.0 

DISCUSSION 

The  control  force  gradient  characteristics  specified  in  Table  XU  for 
hover  and  low  speed  flight  (V  <  35  knots)  are  based  on  the  results  of  simulator 
studies  and  on  the  gradients  selected  for  existing  V/STOL  aircraft. 

Table  1(3.5.  1.2)  santnarizes  these  data.  The  control  gradient  values  are 
somewhat  lower  than  those  usually  associated  with  conventional  aircraft. 

This  preference  for  lower  gradients  is  probably  attributable  to  the  higher  con¬ 
trol  activity  associated  with  the  stability  characteristics  of  V/STOL  aircraft 
in  hovering  and  low  speed  flight. 

Table  2(3.5.  1-2)  summarizes  the  control  gradients  specified  by 
AGARD  408A  (Reference  46)  and  MIL-H-850 1A  (Reference  13)  for  comparison. 
The  Level  1  requirements  of  the  present  specification  are  seen  to  lie  between 
the  minima  of  MIL-H-850 1A  and  the  maxima  of  AGARD  408A. 
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Table  1(3.  5.  1.  2) 

MEASURED  FORCE  GRADIENTS 


Table  2(3.5.  1.2)- 

COM* ARISON  OF  FORCE  GRADIENT  REQUIREMENTS 


The  requirement  that  the  force  produced  by  a  one-inch  travel  from 
trim  should  be  greater  than  the  breakout  force  is  imposed  to  help  prevent 
overcontrolling  and  PIO  which  tends  to  arise  when  low  gradients  are  used  in 
combination  with  relatively  high  breakout  forces.  In  these  cases,  having 
applied  a  force  sufficient  to  overcome  the  breakout,  only  a  small  increase  in 
force  results  in  relatively  large  control  inputs. 

In  addition,  control  gradient  changes  are  restricted  to  less  than 
±  50  percent  per  inch  of  stick  travel.  Little  quantitative  Jata  regarding  die 
effects  of  nonlinear  force-deflection  characteristics  exists.  However,  it  is 
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known  that  when  large  nonlinearities  are  present  they  are  noticeable  to  pilots 
and  the  control  system  is  downrated 'for  this  reason.  Examples  of  this  are 
the  roll  control  force-deflection  characteristics  of  the  STOL.  NC-130B  and 
the  YC- 134 A  described  in  Reference  73  and  reproduced  here  as 
Figure  1(3.  5.  1.2). 


NC-1308 


*  0 


I.  Wheel  deflector  ±90".  taotsge 
2L  fbwered  coM  sysie m  «i*i  high  friction  befits 
wheel  and  actuator*,  grand  measured  face s 
3L  tfasafcJadoy  fane  characteristics 
4.  Urisofefaocry  aircraft  reverse,  prdodttj  due  to 
few  sersitmfy  and  M^i  friefias 


YC-r'"*  A 


60  ....  L  Wheel  deflection  ±  120*.  too  toge 


Fv* 


r:~:  2L  Uechcriaf  artri sydem,  gaud  mwuaJ  forces 

not  nff  inrtirotiie  of  ir-fSdf  fanes 
:  ~~  !  3L  Unsatisfactory  fanes 

4.  Unsotisf octory  nonfcreor  fanes  end  response 

5.  Hk^i  note 
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Rpwe  1  (3L5/L2)  LATERAL  CONTROL  FORCE-DtSPLACEMENT  CHARACTERISTICS  OF 
TWO  STOL  AIRCRAFT  (FROM  REFERENCE  73) 


373 


wiMJwmuvw*. 


*  71 

i 


:) 


Vs 


3. 5.  L  3  COCKPIT  CONTROL  FREE  PLAY 
REQUIREMENT 

3.  5.  1.  3  Cockpit  control  free  play.  The  free  play  in  each  control,  that  is,  ( 

any  motion  of  the  cockpit  control  which  does  not  move  the  appropriate  moment- 
or  force-producing  device  in  flight,  shall  be  compatible  with  the  required 
Level  of  flying  qualities. 

DISCUSSION  I 

«  %■ 

The  amount  of  tolerable  free  play  in  a  given  configuration  is  a  complex 
'  function  of  the  vehicle  and  control  system  dynamics,  the  force-feel  system 
characteristics,  etc.  It  is  recognized  that  at  die  present  time,  absolute 
limits  cannot  realistically  be  placed  on  the  magnitude  of  the  free  play  allowed. 
Therefore,  the  problem  of  determining  compliance  is  referred  to  the  defined 
Level  structure. 


! 
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3.5. 1.4 


RATE  OF  CONTROL.  DISPLACEMENT 


REQUIREMENT 

3.5.  1.4  Rate  of  control  displacement.  The  ability  of  the  aircraft  to  per¬ 
form  the  operational  maneuvers  required  of  it,  or  to  operate  in  an  atmos¬ 
pheric  disturbance  environment  consistent  with  the  operational  missions  of 
3.  1.  1,  shall  not  be  limited  by  the  rate  of  movement  of  the  moment-  or  force- 
producing  devices.  For  powered  or  boosted  controls,  the  effect  of  engine 
speed  and  duty  cycle  of  any  part  of  the  flight  control  system,  together  with 
pilot  control  techniques,  shall  be  included  when  establishing  compliance  with 
this  requirement. 

DISCUSSION 

The  intent  of  this  paragraph  is  straightforward.  The  second  sentence 
points  out  that  powered  or  boosted  devices  may  use  up  significant  portions  of 
the  available  power  during  critical  phases  of  die  mission.  For  example, 
actuation  of  landing  gear,  flaps,  slats,  etc. ,  during  the  landing  approach  or 
takeoff  could  drain  enough  hydraulic  power  to  make  it  difficult  for  the  pilot  to 
make  a  safe  approach,  especially  in  turbulence.  In  other  flight  conditions 
with  less  auxiliary  demand,  that  same  hydraulic  system  might  be  more  than 
adequate.  F or  example,  flight  testing  described  in  Reference  77  revealed 
that  the  CL- 84  does  not  have  sufficient  hydraulic  power  to  actuate  the  wing 
tilt  mechanism  while  the  landing  gear  is  being  retracted. 

In  precision  control  tasks  such  as  the  landing  approach  and  formation 
flying  it  has  been  observed  that  the  pilot  sometimes  resorts  to  elevator  stick 
pumping  to  achieve  better  precision  fsee  References  119,  120,  and  121).  This 
technique  is  likely  to  be  used  when  the  short-term  longitudinal  response  is 
too  slow,  or  if*' the  phugoid  is  unstable.  With  critical  flight  characteristics 
such  as  these,  it  is  especially  important  that  rate  limiting  of  the  control  sys¬ 
tem  does  not  restrict  the  pilot's  control  technique. 

The  "required  operational  maneuvers*  are  commensurate  with  the 
particular  Level  of  flying  qualities  under  consideration.  The  maneuvers  re¬ 
quired  in  Level  3  operation,  for  example,  will  normally  be  less  precise  and 
more  gradual  than  for  Level  1  and  2  operation.  In  some  cases  this  may  result 
in  lower  demands  on  control  authority  and  rates  for  Level  3  operation.  Note, 
however,  that  when  the  handling  characteristics  of  the  airplane  are  near  the 
Level  3  limits,  increased  control  activity  may  occur,  even  though  the  maneu¬ 
vers  are  more  gradual. 


3.5. 1-5 


ADJUSTABLE  CONTROLS 


REQUIREMENT 

3.  5-  1.  5  Adjustable  controls.  When  a  cockpit  control  is  adjustable  for 
pilot  physical  dimensions  or  comfort,  the  control  forces  defined  in  &-  2.  4 
shall  refer  to  the  mean  adjustment-  A  force  referred  to  any  other  adjustment 
shall  not  differ  by  more  than  10  percent  from  the  force  referred  to  the  mean 
adjustment. 

DISCUSSION 

When  adjustable  controls  are  utilized,  some  variation  in  control  force 
characteristics  must  be  tolerated  due  to  different  moment  arms  to  control 
pivots,  etc.  Ten  percent  (plus  or  minus)  appears  to  be  a  reasonable  limit 
to  the  allowed  variation  in  control  forces  defined  in  6.  2. 4. 


3.5.  1-6 


CONTROL  HARMONY 


REQUIREMENT 

3.  5.  1.  6  Control  harmony.  The  control  forces,  displacements,  and  sensi¬ 
tivities  of  the  pitch,  roll  and  yaw  controls  shall  be  compatible,  and  their 
responses  shall  b-  harmonious. 

DISCUSSION 

This  paragraph  ,  together  with  paragraph  3.  5.  1.  7,  is  Intended  to 
assure  ease  of  control  in  maneuvering  the  aircraft.  Lack  of  an  adequate  data 
base  precludes  a  quantitative  requirement-  "Control  harmony"  implies  a 
satisfactory  relationship  between  the  pitch,  roll  and  yaw  controls  in  terms  of 
angular  response  of  the  vehicle  per  unit  control  force-  deflection,  etc. 
Several  aspects  of  this  relationship  are  described  below. 

A  desired  characteristic  is  that  the  pitch  and  roll  control  forces  must 
be  in  the  proper  ratio  for  gross  unsymmetrical  maneuvers,  to  enhance  pro¬ 
per  coordination  of  the  maneuver.  Further,  unless  the  pitch  and  roll  control 
sensitivities  and  breakout  forces  are  properly  matched,  intentional  inputs 
to  one  control  can  result  in  inadvertent  inputs  to  the  other.  For  example,  an 
aircraft  with  roll  control  forces  which  are  much  too  high  with  respect  to 
pitch  control  forces  may  be  difficult  to  control  in  pitch  when  rolling  rapidly 
into  a  turn.  The  intent  of  3.5.  1.6  is  to  prevent  situations  such  as  tbess. 
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3.5.  1.7 


MECHANICAL  C’<OS5- COUPLING 


REQUIREMENT 

3.5.  1.7  Mechanical  cross -coupling.  Displacement  of  one  cockpit  control 
shall  not  produce  objectionable  forces  or  displacements  at  any  oi"  the  other 
cockpit  controls. 

DISCUSSION 

The  requirement  to  limit  mechanical  cross-coupling  arises  from  the 
need  for  easy  one-handed  control  of  the  aircraft,  particularly  in  hovering  and 
low  speed  flight.  The  presence  of  high  levels  of  force  or  displacement  cross- 
coupling  tends  to  produce  unwanted  aircraft  motions,  making  coordinated 
flight  difficult.  Paragraphs  3.  5.  1.  6  and  3.  5-  1.  7  are  intended  to  prevent  these 
difficulties. 
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3.5.2 


DYNAMIC  CHARACTERISTICS 


REQUIREMENT 

3.  5.2  Dynamic  characteristics.  The  control  deflec&cn  shall  not  lead  the 
control  force  for  any  frequency  or  force  amplitude.  This  requirement  applies 
ro  the  pitch,  roll,  yaw  and  thrust  magnitude  controls. 

DISCUSSION 

This  requirement  is  similar  in  intent  to  3.  5.  3.  1  of  MLL-F -8785B 
(Reference  10)  and  is  directed  to  bobweights  and  other  devices  which  feed 
back  the  aircraft’s  response  into  the  feel  system-  Specific  mention  of 
aliowable  lags  in  the  feel  system  is  not  made  since  no  supporting  data  exist. 


•«  . 

<> 
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3.  5.  2.  1 


DAMPING 


REQUIREMENT 

5.  2.  1  Damping.  Ail  control  system  oscillations  shall  be  well  damped, 
unless  they  are  et  such  an  amplitude,  frequency,  or  phasing  that  the  cockpit- 
controi  or  airframe  oscillations  resulting  from  abrupt  maneuvers  or  flight  in 
atmospheric  disturbances  are  compatible  with  the  required  Level  of  Dying 
qualities  as  determined  from  3.  1.  10. 

DISCUSSION 

The  paragraph  is  based  on  requirement  3.  5.  3.  2  of  MDL-F-8785B 
{Reference  IS). 

7 /STOJL  aircraft,  including  those  utilizing  boosted  control  systems 
and  stability  and  control  augmentation  devices  may  be  prone  to  objectionable 
control  system  oscillations.  This  difficulty  often  arises  when  inadequate 
separation  is  provided  between  the  airframe  natural  frequencies  and  the 
frequencies  of  the  control  system  modes.  It  is  aggravated  by  any  slop  or 
deadbands  in  the  system.  In  addition,  the  designer  is  reminded  that  feed¬ 
back  into  the  augmentation  system  from  vibratory  and  aeroelastic  modes 
should  not  be  overlooked  as  a  source  of  objectionable  control  system  and  air¬ 
frame  oscillations.  In  Reference  84,  it  is  pointed  out  that  certain  types  of 
adaptive  control  systems  employing  modes  with  low  damping  and  natural 
frequency  may  also  give  rise  to  objectionable  control-system  oscillations. 
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3-  5. 3  LIMIT  COCKPIT  CONTROL  FORCES 
REQUIREMENT 

3.5.3  Limit  cockpit  control  forces.  Unless  otherwise  specified  in  particular 
requirements,  the  maximum  control  forces  required,  without  retrimming, 
for  any  maneuver  consistent  with  service  use,  shall  not  exceed  the  values 
stated  in  table  XHL 

7ABLE  XIII.  Limit  Cockpit  Control  Force  Values,  Pounds 


Cockpit  Control 
Pitch 

Roll _ 

Yam 

Thrust  Magnitude 
Throttle  type 
Collective  type 


V<  35  Knots 


evel  1 

Level  2  | 

Level  3  i 

Level 

10.0 

20.0  | 

40.0 

30.0 

7.0 

15.0 

25.0 

25.0 

30.0 

40.6 

80,0 

75.0 

3.0 

3.0 

3.0 

3.0 

7.0 

7.0 

7.0 

7.0 

35  Knots  <  V  <■  V, 
_i__  Level  T~  ~ 

3  35.0 

3  20.0 

3  iOO.O 


40.0  j 
2S.0  | 
125.0  ! 


DISCUSSION 

The  limit  cockpit  control  forces  {pitch,  roll  and  yaw)  for  Level  1 
(V  <  35  knots  and  35  knots  <V<Vcoa)  arc  the  values  reccmmende  *  in 
RTM-37  (Reference  47). 

The  Level  3  values  for  V  <  35  knots  correspond  to  those  of  AGAKD 
408A  (Reference  46)  with  a  failed  power  control  system.  The  Level  3  values 
for  35  knots  <  V  <  V  m  a.rc  taken  from  RTM-37  except  that  the  maximum 
longitudinal  control  force  has  been  reduced  from  50  to  40  pounds.  It  is  the 
experience  of  test  pilots  from  the  ARPS  at  Edwards  AFB  that  these  Level  3 
values  are  consistent  with  the  physical  capabilities  of  most  pilots  under 
emergency  conditions  such  as  failures  of  powered  control  systems.  It  was 
found  that  experienced  pilots  asked  to  land  with  one  engine  out  (  in  a  B-S  7) 
freouentiy  lost  control.  The  limit  forces  encountered  were  50,  30,  and 
160  lb  for  the  pitch,  roll,  and  yaw  respectively. 

The  Level  2  force  limits  are  interpolation*  between  the  Level  1  and 
Level  3  values. 

The  limH  forces  for  collective  type  thrust  magnitude  controls  ai  t 
those  of  MLL-H-8501 A,  Reference  15.  For  throttle  type  controls,  the  force 
limits  are  identical  to  the  maximum  breakout  forces  recommended  by  AGARD 
408A  (Reference  46  }  after  failure  of  the  power  control  aysiem. 


3.5.4 


AUGMENTATION  SYSTEMS 


REQUIREMENT 

2.5.4  Augmentation  systems,  Normal  operation  of  stability  augmentation 
and  -octroi  augmentation  systems  and  devices  shall  not  introduce  any  ob¬ 
jectionable  ilight  or  ground  handling  characteristics. 

DISCUSSION 

This  requirement  is  identical  to  paragraph  3.  5.4  a£  MLL-F-8785B 
(Reference  10).  The  intent  is  to  assure  that  the  introduction  of  stability  and 
control  augmentation  devices  to  improve  the  dynamic  characteristics  of  an 
aircraft  does  not  produce  undesirable  side  effects.  Several  examples  are 
cited  below  to  illustrate  the  problems  which  may  arise  with  these  devices. 

Depending  on  authority;  pitch  rate  dampers  may  tend  to  saturate  in 
steady  banked  turns  resulting  in  a  loss  a£  longitudinal  stability.  The  use  of 
a  high  pass  filter  to  wash  out  such  steady -state  signals  may,  in  turn,  reduce 
the  longitudinal  stability. 

The  control  response  characteristics  of  an  aircraft  may  be  heavily 
influenced  by  the  force -feel  and  control  system  dynamics.  “Shaping*  of  the 
control  commands  by  the  force-feel  and  control  system  may  completely 
mask  the  inherent  response  characteristics  cf  the  basic  aircraft. 

Improperly  located  augmentation  system  response  sensors  may  re¬ 
sult  in  undesirable  vehicle  dynamic  characteristics.  Placing  an  acceleration 
sensor  at  a  structural  anti -node  may  generate  augmentation  system  insta¬ 
bilities  particularly  with  wide  bandwidth  augmentation  systems. 

Additional  examples  may  be  found  in  AFFBE-TP -69-72  (Reference  84) 


3.  5.4.  1 


PERFORMANCE  OF  AUGMENTATION  SYSTEMS 


REQUIREMENT 

3.5.4.  1  Performance  of  augmentation  systems.  Any  degradation  of  the 
performance  of  augmentation  systems  during  flight  in  a  severe  atmospheric 
disturbance  environment  consistent  with  the  operational  missions  of  3.  1.  1, 
or  because  of  structural  vibrations,  shall  be  taken  into  account  in  demon¬ 
strating  compliance  with  the  required  Level  of  flying  qualities.  In  addition, 
any  limits  on  the  authority  of  augmentation  systems  or  saturation  of  equip¬ 
ment  shall  not  produce  flying  characteristics  inconsistent  with  the  required 
Level  of  flying  qualities. 

DISCUSSION 

This  requirement  combines  3.  5.4.  1  and  3.  5.4.2  from  MIL-F -8785B 
(Reference  10)  and  incorporates  these  requirements  into  the  qualitative  Level 
structure  philosophy.  The  first  part  of  the  requirement  is  aimed  at  recent 
self-adaptive  control  systems  which  depend  upon  automatic  gain  changes  to 
keep  the  loop  gains  as  high  as  possible  without  driving  the  system  unstable. 
Some  of  these  systems  have  a  tendency  to  drive  the  loop  gains  down  when  the 
airplane  flies  in  turbulence  or  when  a  structural  mode  is  excited,  resulting 
in  poor  system  performance. 

The  second  part  serves  as  a  reminder  to  the  designer  that  limiting 
the  authority  of  augmentation  devices  for  safety  purposes  also  may  limit  the 
effectiveness  for  improving  flying  qualities.  For  instance,  a  limited- 
authority  pitch -rate  damper  may  improve  pitch  response  in  light  turbulence 
and  for  precision  tracking  tasks,  but  the  nonlinearity  erf  the  airplane' s  re¬ 
sponse  in  maneuvering  tasks  due  to  saturation  of  the  rate  damper  might  be 
extremely  objectionable. 
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3.5.5 


FAILURES 


•i 

x  r 


requirement 

3.  5.  5  Failures.  Special  provisions  shall  be  incorporated  to  preclude  any 
critical  single  failure  of  the  flight  control  system  including  trim  devices  or 
stability  augmentation  system  which  may  result  in  flying  qualities  which  are 
dangerous  or  intolerable.  Failure  -  induced  transient  motions  and  trim 
changes  resulting  either  immediately  after  failure  or  upon  subsequent  trans¬ 
fer  to  alternate  control  modes  shall  be  small  and  gradual  enough  that  danger¬ 
ous  flying  qualities  never  re  stilt.  In  addition,  the  crew  member  concerned 
shall  be  provided  with  immediate  and  easily  interpreted  indications  whenever 
failures  occur  in  the  flight  control  system. 

DISCUSSION 

Experience  with  the  present  generation  of  V/STOL  aircraft  indicates 
that  most  of  these  vehicles  require  some  form  of  stability  and/or  control 
system  augmentation  and  partially  or  fti’ly  boosted  control  systems  for 
satisfactory  flying  qualities.  This  requirement  directs  the  designer  to  assure 
that  a  single  failure  of  any  component  within  these  augmentation  devices 
cannot  result  in  unacceptable  flying  qualities.  Further,  it  is  not  sufficient 
to  assure  that  acceptable  flying  qualities  exist  in  the  failed  state;  the  tran¬ 
sients  following  failure  shall  also  be  sufficiently  small  that  dangerous  con¬ 
ditions  do  not  result  during  the  failure  recovery. 

The  final  sentence  requires  that  any  failure  of  these  devices  shall 
be  indicated  to  the  appropriate  crew  member,  even  if  no  transient  motions 
of  the  aircraft  accompany  the  failure.  For  example,  a  failure  of  a  single 
channel  of  a  dual  stability  and  control  augmentation  system  may  produce  no 
warning  transients  but  result  only  in  reduced  authority.  Continued  straight 
and  level  flight  is  possible  but  turbulence  encounters  or  gross  maneuvering 
will  saturate  the  augmentation  system.  In  this  situation,  the  crew  should  be 
warned  of  the  failure  so  that  appropriate  action  may  be  taken.  Paragraph 
3.  5.5  is  also  intended  to  apply  to  automatic  devices  which  function  only  in 
the  event  of  a  failure.  For  example,  paragraph  3.  8.  10.  1  permits  the  use 
of  such  a  device  to  maintain  control  of  the  aircraft  following  a  thrust  or 
powered  lift  loss  on  the  ground.  Any  failure  of  this  device  must  be  indicated 
to  the  appropriate  crew  member. 

In  general,  hidden  failures  of  any  automatic  flight  control  system  or 
stability  and  control  augmentation  or  trim  devices  are  not  permissible. 
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3.  5.  5.  1 


CONTROL  FORCE  TO  SUPPRESS  TRANSIENTS 


requirement 

3.  5.  5.  1  Control  force  to  suppress  transients.  Without  retrimming,  the 
cochpit  control  forces  required  to  suppress  transients  following  a  failure  in 
any  part  of  the  flight  control  system  shall  not  exceed  one -half  the  Level  1 
limit  control  force  values  in  table  XTTT 

DISCUSSION 

This  requirement  specifies  the  allowable  cockpit  control  forces  re¬ 
quired  to  comply  with  3.8.9-  1.  that  is,  to  avoid  dangerous  conditions  by  pilot 
corrective,  action  following  a  failure.  Table  1(3.5.  5.  1)  compares  the  force 
limits  of  MIL-F-8785B  (Reference  10)  with  the  V/STOL  specification  limits 
(Reference  1). 


TABLE  1(3.  5.  5.  1)  Transient  Force  Li  nits  ^  lb 


V/STOL  Specification  (Ref.  1) 

MIL-F-8785B  (Ref.  10) 

Vc35  knots 

35<V<VCOO  knots 

Paragraph  3.  5.  5.  2 

Pitch 

S 

15 

20 

Roll 

3.5 

7.5 

10 

Ya* 

15. 

37.5 

50 

Thrust  Magnitude 

- 

Throttle  type 

1.5 

1.5 

- 

Collective  type 

3.5 

3.5 

- 

The  limit  control  forces  increase  in  magnitude  as  the  appropriate 
speed  regime  increases.  This  characteristic  is  considered  reasonable  since 
pilots  tend  to  prefer  the  lightest  control  forces  in  hover  and  low  speed  flight. 
The  values  specified  apply  for  all  Levels  since  no  data  are  available  to  sup¬ 
port  separate  values.  These  values  are  speed  dependent  since  Level  1 
limit  control  forces  are  specified  for  both  speed  regimes  in  table  XIII  of 
Reference  1. 


i 
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3.5.6 


TRANSIENTS  AND  TRIM  CHANGES 


! 


requirement 

3.5.6  Transients  and  trim  changes.  This  requirement  applies  to  all  Air¬ 
craft  State  changes  made  under  conditions  representative  of  operational  pro¬ 
cedure  by  activation  of  the  Aircraft  State  selectors  and  controls  available  to 
the  pilot.  With  the  aircraft  initially  trimmed  at  a  fixed  operating  point,  the 
peak  pitch,  roll,  and  yaw  control  forces  required  to  suppress  the  transient 
aircraft  motions  resulting  from  the  change  and  maintain  the  desired  heading, 
attitude,  altitude,  rate  of  climb  or  descent,  or  speed  without  use  of  the 
trimmer  control,  shall  not  exceed  one-third  of  the  appropriate  limit  control 
force  in  table  XIII.  This  applies  for  a  time  interval  of  at  least  5  seconds 
following  completion  of  the  pilot  action  initiating  the  change.  The  magnitude 
and  rate  of  trim  change  after  this  period  shall  be  such  that  the  forces  can  be 
trimmed  as  required  in  3.  5.  7.  There  shall  be  no  objectionable  buffeting  or 
oscillations  erf  the  control  device  during  the  change. 

DISCUSSION 

This  section  is  intended  to  cover  the  same  area  as  3.  6.  3  and  3.  6.  3. 1 
of  MIL-F-8785B  (Reference  10),  with  the  exception  that  the  configurations  to 
be  tested  are  not  specified  since  this  cannot  be  done  in  general  terms  for  the 
variety  of  control  systems  used  in  VTOL  aircraft.  The  trim  force  require¬ 
ments  are  again  somewhat  arbitrary  but  are  felt  to  be  compatible  with  the 
MIL-F-8785B  values  and  are  Level  dependent.  For  example,  MIL-F-8785B 
allows  peak  elevator  cockpit  control  forces  of  10  pounds  for  Level  1,  and 
1  5  pounds  for  Levels  2  and  3. 


3.  5.  6.  1  TRANSFER  TO  ALTERNATE  CONTROL  MODES 
REQUIREMENT 

3.  5.  6.  1  Transfer  to  altercate  control  modes.  The  transients  and  trim 
changes  caused  by  the  intentional  engagement  "or  disengagement  of  any  por¬ 
tion  of  the  flight  control  system  consistent  with  normal  service  use,  such  as 
selection  of  a  particular  augmentation  mode,  shall  not  be  objectionable. 
Additional  requirements  are  contained  in  MIL-F -9490  for  Air  Force  pro¬ 
curements. 

DISCUSSION 

The  intent  of  this  paragraph  is  straightforward.  No  quantitative  re¬ 
quirement  is  possible  because  of  the  great  variety  of  flight  control  system 
configurations  which  are  possible  with  V/STOL.  aircraft. 


3.5.7 


TRIM  SYSTEM 


REQUIREMENT 

3.  5.  7  Trim  system.  At  all  steady  flight  conditions  within  the  Operational 
Plight  Envelope,  the  trimming  devices  shall  be  capable  of  reducing  the  pitch, 
roll,  and  yaw  control  forces  to  zero  for  Levels  1  and  2.  At  all  steady  flight 
conditions  within  the  Service  Plight  Envelope,  the  untr irnmable  cockpit  con¬ 
trol  forces  shall  not  exceed  10  pounds  pitch,  5  pounds  roll,  and  20  pounds 
yaw .  Por  Level  3,  the  untrimmed  cockpit  control  forces  shall  not  exceed 
10  pounds  pitch,  5  pounds  roll,  and  20  pounds  yaw.  The  failures  to  be  con¬ 
sidered  in  applying  the  Level  2  and  3  requirements  shall  include  trim 
sticking  and  runaway  in  either  direction.  It  is  permissible  to  meet  the 
Level  2  and  3  requirements  by  providing  the  pilot  with  alternate  trim  mech¬ 
anisms  or  override  capability.  Additional  requirements  on  trim  rate  and 
authority  are  contained  in  M3L-F -“>490  for  A;r  Porce  procurements  and 
MIL-F-18372  for  Navy  procurements. 

DISCUSSION 

This  requirement  is  similar  to  paragraph  3.6.  1  of  MIL-F-3785B 
(Reference  10).  The  untrimmable  cockpit  control  forces  allowed  for  flight 
outside  the  Operational  Plight  Envelope  but  within  the  Service  Plight  Envelope, 
and  for  Level  3  are  somewhat  arbitrary,  but  should  be  small  enough  to  be 
held  for  some  length  of  time  on  rare  occasions. 
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3.5.7.  1 


RATE  OF  TRIM  OPERATION 


REQUIREMENT 

3.  5.  7.  1  Rate  of  trim  operation.  Trim  devices  shall  operate  rapidly  enough 
to  enable  the  pilot  to  maintain  tEe  pitch  and  roll  control  forces  less  than  one- 
third  of  the  appropriate  limit  forces  in  table  XIII  during  any  maneuver  con¬ 
sistent  with  service  u_  but  not  ever  to  operate  so  rapidly  as  to  cause  over¬ 
sensitivity  or  trim  precision  difficulties. 

DISCUSSION 

This  requirement  is  similar  to  3.  6.  1.2  in  MTL-F -8785B  (Reference 
10)  except  that  the  specific  force  values  were  stated  in  terms  of  the  limit 
forces  of  3.  5.  3.  These  values  seem  reasonable  relative  to  the  MIL-F - 
8785B  values  which  allow  ±  10  pounds  elevator  cockpit  corSrol  force,  but  no 
real  substantiation  exists. 


> 


TRIM  SYSTEM  ERRE VERSIBIi.IT Y 


3 

requirement 

3.  '  .  -  Trim  system  irreversibility..  All  trimming  devices  shall  main¬ 

tain  a  given  sett  mg  indefinitely  unless  changed  by  the  pilot,  by  a  special  amo- 
~it i c  interconnect  such  as  to  the  flans,  or  by  the  operation  of  an  augmenta¬ 
tion  device.  If  an  automatic  interconnect  or  augmentation  device  is  used  in 
con;  met  ion  ■»  ith  a  trim  device,  provision  shall  be  made  to  ensure  the 
accurate  return  of  the  device  to  its  initial  trim  position  on  completion  of  each 
interconnect  or  augmentation  operation. 

DISCUSSION 

This  requirement  is  the  same  as  paragraph  3.6.  1.4  of  MIL-F-8785B 
IReifrene  1C).  The  req nirerr.-ent  ’ 5  considered  logical  and  necessary. 


3.6 


TAKEOFF,  LANDING  AND  GROUND  HANDLING 


REQUIREMENT 

3.6  Takeoff,  landing  and  ground  handling.  There  requirements  shall  be 
satisfied  within  the  Operational  Flight  Envelope  for  all  applicable  Category  C 
Flight  Phases. 

DISCUSSION 

This  is  an  introductory  paragraph  which  sets  forth  the  conditions 
under  which  subsequent  requirements  are  to  be  satisfied.  Mention  of  the 
Operational  Flight  Envelope  and  the  Category  C  Flight  Phases  makes  it 
unnecessary  to  specifically  define  particular  types  of  landings  and  takeoffs 
such  as  vertical,  rolling,  shoe;,  long,  etc.  Such  definitions  properly  belong 
under  the  more  general  category  of  mission  definition.  The  assumption  is 
that  the  requirements  apply  to  all  types  of  takeoffs  and  landings  that  an  air¬ 
craft  is  expected  to  perform.  Special  cases  may  arise  where  detailed 
definitions  are  necessary.  For  these  cases,  the  procuring  activity  will 
supply  or  approve  detailed  Flight  Phase  definitions  (see  last  sentence  of 
paragraph  1.4). 
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3-  6-  1 _ PITCH  CONTROL  EFFECTIVENESS  IN  TAKEOFF 

requirement 

3*  6*  1  Pitch  control  effectiveness  in  takeoff.  The  effectiveness  of  the 
Pfch  control  shall  not  restrict  the  takeo^Sfonnance  of  the  aircraft  and 
shall  be  sufficient  to  prevent  over-rotation  to  undesirable  attitudes.  Satis¬ 
factory  takeoffs  shall  not  be  dependent  on  the  use  of  the  trimmer  control  or 
on  complicated  control  manipulation  by  the  pilot. 

DISCUSSION 


The  intent  of  this  requirement  should  be  self-evident 


3.6.2 


PITCH  CONTROL  FORCES  IN  TAKEOFF 


REQUIREMENT 

3.6.2  Pitch  control  forces  in  takeoff.  With  the  trim  setting  optional  bet 
fixed,  the  cockpit  pitch  control  forces  shall  not  exceed  one-half  of  the  limits 
of  table  Xm  in  the  poll  direction  or  one  -fourth  of  the  limits  of  table  XIII  in 
the  posh  direction  at  any  time  during  the  takeoff  Flight  Phases. 

DISCUSSION 

This  requirement  is  based  on  requirement  2.  1  5  of  AGARD  408A 
(Reference  46),  except  that  the  force  limits  are  somewhat  different.  If  we 
equate  AGARD*  s  408A  normal  operation  with  Level  1,  then  the  differences 
are  indicated  in  the  following  table. 


max  pull  force 

max  push  force 

Paragraph  3-6.2,  Level  1 

V  <  35 

o 

2.  5 

V  >  33 

15 

7.  5 

AGARD  40SA  normal  operation 

io  ;  5  i 

If  we  equate  AGARD  408A,  failure  case,  with  Level  3,  then  there  are  no 
differences. 


3.  c.  3 


PITCH  CONTROL  EFFECTIVENESS  IN  LANDING 


REQUIREMENT 

3.6.  3  Pitch  control  effectiveness  in  landing.  For  Levels  1  and  2  the  pitch 
control  shall  be  sufficiently  effective  that  the  geometry-limited  attitude  or 
the  guaranteed  landing  speed  can  be  obtained  at  touchdown  in  the  landing 
Flight  Phase.  For  rolling  landings  this  requirement  must  be  met  with  the 
aircraft  trimmed  at  the  recommended  approach  speed  for  the  approach 
Flight  Phase.  For  Level  3  the  pitch  control  shall  be  sufficiently  effective 
to  permit  a  safe  landing. 

DISCUSSION 


Paragraph  3.  2.  3.4  of  MIL-F-8785B  (Reference  10}  has  been  reworded 
slightly.  The  basic  change  is  to  trim  at  the  recommended  approach  speed 
rather  than  a  specific  speed  such  as  V5  (L)  .  The  change  was  obviously 
necessary  because  Vs  (L)  becomes  unrealistic  as  an  approach  speed  for 
V/STOL's.  It  could  be  mentioned  that  some  manufacturers  consider  the  re¬ 
quirement  to  fly  conventional  airplanes  near  the  ground  at  V5  ( L .)  unneces¬ 
sarily  strict.  Because  of  the  imprecise  nature  of  the  landing  flare  maneu¬ 
ver,  however,  it  is  quite  probable  for  a  pilot  to  intentionally  or  unintentionally 
hold  the  airplane  off  the  ground  during  the  landing  flare  until  the  speed  is 
well  below  the  normal  landing  speed.  In  this  event,  it  is  essential  that  the 
pilot  have  enough  pitch  control  to  prevent  the  nose  wheel  from  hitting  the 
runway  before  the  main  gear. 


3  .6.4 


PITCH  CONTROL  FORCES  IN*  LANDING 


REQUIREMENT 

3.  6. 4  Pitch  control  forces  in  Izruiing.  The  cockpit  pitch  control  forces 
required  to  meet  the  l^nning  requirements  of  3.  6.  3  shall  not  exceed  one - 
half  of  the  limits  of  table  XIII  in  the  pall  direction  or  one -fourth  of  the  limits 
of  table  XIII  in  the  pash  direction  at  any  time  during  the  landing  Flight  Phase. 

DISCUSSION 

The  comments  made  in  the  discossicn  of  paragraph  3.6.2  are  also 
applicable  here. 


3.  6.  5 
3.6.5.  1 


CROSSWIND  OPERATION 


LANDING  AND  TAKEOFF 


REQUIREMENT 

3.6.5  Crosswind  operation 

3.6.  5.  1  Landing  and  takeoff.  It  shall  he  possible  to  execute  all  the 
takeoff  ar>d  landing  Flight  Phases  in  cross-winds  by  using  normal  pil^.  >*'ill 
and  technique.  The  pitch,  roll  and  yaw  controls  in  conjunction  with  ctuer 
means  of  control  shall  be  adequate  to  maintain  a  straight  path  on  the  landing 
surface  during  takeoff  runs  and  landing  rollouts  with  cockpit  control  forces 
not  exceeding  the  values  specified  _n  table  XliL  These  requirements  apply 
in  90-degree  crosswinds,  right  and  left,  of  30  knots. 

DISCUSSION 

An  initial  version  of  this  requirement  called  out  a  35-knot  crosswind. 
The  change  to  30  knots  was  prompted  by  a  number  of  review  comments 
received  from  industry  pointing  out  that  a  3d  —knot  crosswind  requirement  for 
V/STOL  aircraft  would  be  more  severe  than  the  comparable  requirement  for 
conventional  airplanes  in  MIL.— F— 8785B.  Also,  it  was  pointed  out  that  with 
low  takeofi  at »d  landing  speeds,  these  aircraft  could  be  pointed  out  more  into 
the  wind  than  could  a  conventional  aircraft. 

However,  there  is  a  counter  argument  to  this  fact  point.  The  pri¬ 
mary  purpose  of  a  V/STOL  aircraft  is  to  be  able  to  use  small  landing  areas. 
In  forward  battle  areas  it  may  be  extremely  inconvenient  to  clear  other  than 
a  single,  minimum  width  runway.  It  may  also  be  necessary  to  limit  direction 
to  avoid  over -flying  an  area  occupied  by  hostile  troops.  Similarly  in  more 
developed  areas,  5TOL  aircraft  will  be  required  to  operate  from  sites  which 
are  inside  populated  areas  or  at  least  closely  bordering  such  areas. 

Buildings,  bridges,  high  tension  lines,  other  airways,  etc.  may  in  fact 
impose  quite  strict  limitations  on  choice  of  takeoff  and  landing  headings. 


3.6.  5.2 


FINAL  APPROACH 


REQUIREMENT 

3.  6.  5.  2  Final  approach.  Yaw  and  roll  control  shall  be  adequate  to  permit 
development  of  at  least  1 5  degiees  of  steady,  zei-o-yaw-rate  sideslip  in  the 
power  approach  with  yaw  control  forces  not  exceeding  the  valnes  specified  in 
table  XHX.  Roll  control  shall  not  exceed  either  7.  5  pounds  of  force  or  50 
percent  of  available  control  power  (for  the  same  configuration  and  flight 
condition),  as  applied  manually  or  automatically  or  both,  for  Level  1.  The 
limits  are  10  pounds  or  75  percent  for  Level  2.  For  Level  3,  the  roll  con¬ 
trol  force  shall  not  exceed  20  pounds. 


DISCUSSION 

This  requirement  is  similar  to  requirement  3.3.7.  1  of  MIL-F-8785B 
(Reference  10).  However  it  is  a  bit  more  strict  because  at  the  low  speeds 
associated  with  STOL  operation,  moderate  cross  winds  can  require  fairly 
large  crab  and  sideslip  angles-  Directional  control  in  particular  can  become 
critical  when  trimming  to  compensate  for  a  crosswind  component  in  the 
approach-  Because  accurate  estimates  of  cross  winds  that  might  be  encoun¬ 
tered  is  unknown,  it  is  felt  that  a  requirement  more  severe  than  tha*  imposed 
by  MIL-F-8785B  is  warranted-  The  table  below  outlines  the  differences- 


Paragraph  3-  6.  5.  2 

i 

MIL-F -8735B  t 

Sideslip  requirement 

15  deg 

10  deg 

Max  yaw  control  iorce,  lb 

Level  1 

75 

100 

Level  2 

100 

180 

Level  3 

125 

180 

Max  roll  control  force,  lb 

Level  1 

7.5 

10 

Level  2 

10 

20 

Level  3 

20 

Roll  control  remaining,  % 
of  available  roll  control 

:  50 

25  ] 

3.6.5.  3 


COLD-  AND  WET -WEATHER  OPERATION 


REQUIREMENT 

3.  6.  5.  3  Cold-  and  wet -weather  operation.  The  requirements  of  3.  6.  5.  1 
shall  be  applicable  on  wet  runways  for  all  aircraft,  and  on  snow -packed  and 
icy  runways  for  aircraft  intended  to  operate  under  such  conditions.  If  the 
demonstration  for  specification  compliance  is  not  accomplished  under  these 
adverse  runway  conditions,  directional  control  shall  be  maintained  by  use  of 
pitch,  roll  and  yaw  controls  alone  for  all  airspeeds  above  30  knots.  For  very 
slippery  runways,  the  requirement  need  only  apply  for  crosswind  components 
up  to  that  at  which  the  force  tending  to  blow  the  aircraft  off  the  runway  is 
equal  to  the  opposing  tire -runway  frictional  force  with  the  tires  supporting 
all  the  aircraft's  weight. 

DISCUSSION 

Some  aircraft  having  large  side  area  would  tend  to  be  blown  sideways 
on  very  slippery  runways  if  they  operated  in  high  crosswinds.  Therefore  it 
would  be  un*  e-.sonable  to  expect  the  aircraft  to  take  off.  When  crosswinds 
are  reducea  to  a  value  such  that  frictional  forces  can  effectively  contribute 
to  the  balance  of  aerodynamic  forces,  the  task  of  maintaining  a  straight  path 
on  the  ground  is  eased  considerably.  An  analysis  of  an  aircraft  design  for 
compliance  with  this  requirement  should  consider  the  expected  variations  in 
lift,  side  force,  and  cornering  force  (tire-runway  side  force). 
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3.6.6 


POWER  RUN-UP 


REQUIREMENT 

3.6.6  Power  run-up.  In  all  vertical  takeoff  configurations  it  shall  be 
possible,  without  the- use  of  wheel  chocks  or  other  restraints,  to  maintain  a 
fixed  position  on  a  level  surface  during  power  run-up  using  only  cockpit  con¬ 
trols,  in  wind  conditions  to  be  specified  by  the  procuring  activity. 

DISCUSSION 

This  requirement  is  based  on  an  equivalent  requirement  in  MIL-H  - 
850 1 A  (Reference  15).  A  fundamental  difference  is  the  necessity  to  refer  to 
the  vertical  takeoff  configuration.  Physically,  a  helicopter  is  always  in  a 
vertical  takeoff  and  landing  configuration.  VTOL  airplanes,  however,  can 
rotate  their  thrust  vectors.  W  ith  thrust  vector  in  a  horizontal  position,  a 
full  power  run-up  could  result  in  the  aircraft  skidding  over  the  ground  be¬ 
cause  of  the  large  thrust  that  is  developed.  The  phrase  "power  run-up" 
deserves  some  clarification  since  it  was  of  concern  to  some  who  reviewed 
earlier  versions  of  the  proposed  specification.  As  used  in  the  requirement, 
it  refers  to  whatever  procedures  must  be  followed  by  the  pilot  to  satisfactoril 
check  the  engines,  transmission,  etc. ,  prior  to  takeoff. 

As  a  ground  handling  requirement,  ihis  paragraph  does  not  apply  to 
thrust  settings  equal  to,  or  greater  than,  the  aircraft  gross  weight.  It  is 
not  intended  to  require  an  anchor  to  hold  the  aircraft  down  during  run-up. 


3.6.  7 


GROUND  HANDLING 


REQUIREMENT 

3.  6.  7  Ground  handling.  It  shall  be  possible  to  perform  ail  required 
ground  handling  maneuvers,  including  taxiing,  without  damage  to  rotating 
components  or  any  part  of  the  structure.  In  addition,  in  winds  up  to  35  knots 
it  shall  be  possible  to  taxi  in  a  straight  line  at  any  angle  to  the  wind  and  to 
make  360-degree  taxiing  turns  in  either  direction  within  a  circle  who^e  radius 
equals  the  major  dimension  of  the  aircraft. 

DISCUSSION 

* 

Considering  that  aircraft  must  transport  themselves  to  various  loca¬ 
tions  while  on  the  ground,  this  requirement  seems  self-explanatory.  It  is  a 
compilation  of  similar  requirements  in  MIL-E-8785B,  MU. -H -850 1 A , 

AGARD  408A  and  RTM-37,  References  10,  15,  46.  and  47  respectively. 


3.7 


ATMOSPHERIC  DISTURBANCES 


REQUIREMENT 

3*  ^  Atmospheric  disturbances.  Some  requirements  are  written  in  terms 
of  a  steady  wind  speed,  in  whicK  case,  compliance  with  the  requirement 
should  be  demonstrated  in  flight,  in  that  wind  condition.  Other  requirements 
are  written  with  reference  to  operation  in  all  potential  atmospheric  environ¬ 
ments.  For  such  cases  the  atmospheric  disturbances  such  as  discrete  gusts, 
wind  shear  and  turbulence  to  be  used  shall  be  chosen  by  the  contractor  sub¬ 
ject  to  the  approval  of  the  procuring  activity.  Compliance  shall  be  demon¬ 
strated  by  suitable  analysis,  test,  or  both,  as  determined  by  the  procuring 
activity. 

DISCUSSION 

This  section  is  almost  self-explanatory,  however,  some  words  are 
in  order  as  to  how  the  specification  has  incorporated  the  effects  of  turbulence 
on  V/STOL  flying  qualities.  Unlike  MLL-F-8785B,  no  mathematical  model 
for  turbulence  has  been  offered.  Experience  in  a  number  of  ground  and  flight 
experiments,  as  well  as  experience  with  helicopters  and  experimental  VTOL 
vehicles,  indicates  that  aircraft  response— to -turbulence  characteristics  are 
very  important  to  the  vehicle's  flying  qualities,  and  in  some  cases,  are  the 
most  dominant  effect.  As  much  as  possible,  the  detailed  requirements  have 
been  selected  by  emphasizing  the  results  of  experiments  which  have  been 
conducted  in  representative  atmospheric  environments.  It  should,  however, 
be  an  aim  of  further  research  to  identify  mathematical  models  of  turbulence 
to  be  encountered  in  V/STOL  missions,  and  to  develop  criteria  for  adequate 
vehicle  response  in  that  turbulence.  It  is  anticipated  tha.  work  currently 
being  conducted  in  this  area  by  the  Air  Force  will  contribute  to  this  purpose. 
It  remains  for  future  effort  to  incorporate  such  results  in  flying  qualities  re¬ 
quirements. 


MIS C £LLAN EOUS  R EQUIR E MEN T5 


J.  3 


3.  3.  1  APPROACH  TO  DANGEROUS  FLIGHT  CONDITIONS 


REQUIREMENT 

3  -  S  Mi  s  c  e  llar.tr  o  ^3  reqmren.er.is . 

3-3-1  Approach  to  dangerous  flight  conditions.  Dangerous  conditions  may 
exist  where  the  aircraft  should  not  be  flown.  When  approaching  these  flight 
c  .  iditior.s,  it  shall  be  possible  by  clearly  discernible  means  for  the  pilot  to 
rt  jogr.ize  the  impending  dangers  and  take  preventive  action.  Final  deter- 
"  —  nation  oi  the  adequacy  of  ali  warning  of  impending  dangerous  flight  con- 
citior.s  will  be  made  by  the  procuring  activity,  considering  functional  effec- 
tive.'css  and  reliability.  Devices  may  be  used  to  prevent  entry  to  dangerous 
c or.ditions  only  n  the  criteria  lor  their  design,  and  the  specific  devices,  are 
approved  by  the  procuring  activity. 

3.  S.  1.  1  Warning  and  indication.  Warning  or  indication  of  approach  to  a 
dangerous  condition  shall  be  clear  and  unambiguous.  For  example,  a  pilot 
must  be  able  to  distinguish  readily  among:  warning  of  loss  of  aerodynamic 
h"  {which  may  require  increased  thrust),  engine  acceleration  buffet  {which 
~-ay  require  decreased  thrust)  and  normal  aircrait  vibration  (  which  may  not 
require  «  mrust  change).  If  a  warning  or  indication  device  is  required, 
functional  failure  of  the  device  shall  be  indicated  to  the  pilot. 

3.8.  1  -  —  Prey ention.  As  a  minimum,  dangerous -condition-prevention 
devices  snail  penorir.  their  Junction  whenever  needed  but  shall  not  lin.it 
ilight  withir.  the  Operational  Flight  fc-nvelope.  Hazardous  operation  of  these 
devices,  normal  or  inadvertent,  snail  never  be  possible.  For  Levels  1  and  2. 
neither  hazardous  nor  nuisance  operation  shall  be  possible.  For  Level  3, 
razarc ous  inadvertent  operation  shall  not  be  possible. 

DISCUSSION 

•hese  requirements  are  essentially  the  same  as  pa raeraphs  3.4.  1. 

3. -r.  1.  Land  3.4.  1.2  oi  MIL-r -8*853  (Reference  10).  Similar  reouirements 
for  V/5TOL  aircraft  are  clearly  required. 

O:  necessity,  ire  requirements  for  warning  of  approach  to  dangerous 
:li<nt  conditions  are  qualitative  and  wide  latitude  has  been  given  to  the  pro- 
curtng  activity  :or  approval  or  disapproval.  The  suitability  of  natural  warning 
and/or  me  need  :o **  artificial  warning  is  difficult  to  predict  in  the  design 

a.T.c.  may  not  oecome  apparent  until  late  in  the  development  program. 
Close-  coordination  is,  therefore,  required  between  the  contractor  and  the  pro- 
c  _r:ng  activity  to  detine  tr.es e  requirements  at  the  earliest  practical  time. 
Paragrapr.  3.S.  1.  1  turther  requires  that  no  hidden  failures  of  these  artificial 
warning  devices  be  possible. 
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Paragraph  3.8.  1.2  recognizes  that  automatic  devices  may  be  used  to 
prevent  entry  into  dangerous  conditions.  The  Level  1  and  2  requirement 
that  neither  hazardous  nor  nuisance  operation  be  possible  is  ntended  to 
assure  that  these  devices  do  not  create  additional  problems  through  their 
rra  If  unction. 


3.8.2 


LOSS  OF  AERODYNAMIC  LIFT 


REQUIREMENT 

3.8.2  Loss  of  aerodynamic  lift.  These  r*  juirements  are  related  to  those 
conditions  where  a  loss  of  lift  would  result  in  a  loss  of  altitude  or  partial 
loss  of  control. 

3.8.2.  1  Wa ming.  The  approach  to  a  loss  of  aerodynamic  lift  shall  be 
accompanied  by  an  easily  perceptible  warning-  Such  a  warning  shall  be  pro¬ 
vided  artificially,  subject  to  approval  by  the  procuring  activity,  when  natural 
warning  is  not  feasible.  The  increase  in  warning  intensity  with  further  loss 
of  lift  shall  be  sufficiently  marked  to  be  noted  by  the  pilot. 

3.8.2.  2  Prevention  of  loss  of  aerodynamic  lift.  It  shall  be  possible  to  pre¬ 
vent  loss  of  aerodynamic  lift  by  normal  use  of  the  controls  at  the  onset  of  the 
warning  indication. 

3.  8.  2.  3  Control  and  recovery  following  loss  of  aerodynamic  lift.  In  the 
event  of  loss  of  aerodynamic  lift,  it  shall  be  possible  to  maintain  control  and 
recover  by  normal  use  of  the  controls,  with  control  forces  not  exceeding  the 
Level  3  requirements  of  table  XHL  Recovery  shall  be  accomplished  without 
experiencing  pitch,  roll,  or  yaw  attitude  changes  in  excess  of  20  degrees  or 
excessive  loss  of  altitude  or  buildup  of  speed.  It  is  desired  that  no  pitch-up 
tendencies  occur;  however,  a  mild  nose- up  pitch  may  be  acceptable  if  no 
pitch  control  force  reversal  occurs  and  if  no  dangerous,  unrecoverable,  or 
objectionable  flight  conditions  result. 

DISCUSSION 

These  requirements  are  essentially  similar  to  the  requirements  of 
3.4.  3  through  3.4.  3.4.  1  of  MIL-F-8785B  (Reference  10). 

The  requirements  are  intended  to  apply  to  those  conditions  where  loss 
of  lift  requires  corrective  action  by  the  pilot.  Some  pertinent  examples  of 
the  intended  application  of  this  requirement  are  as  follows; 

(1)  conventional  c sta  11*  where  increases  in  angle  of  attack  result 
in  loss  of  aerodynamic  lift, 

(2)  conditions  where  strong  coupling  exists  between  the  lateral- 
directional  response  and  the  longitudinal  response  where,  for 
example,  sudden  changes  in  sideslip  result  in  a  significant 
loss  of  aerodynamic  lift,  and 


(3)  vouch  1/ocJ  '  -hire  s rcwi  11  perturbations  o:  thrust  magnitude  or 
thrust  angle  controls  Ly  ihe  piiot  may  result  ir.  a  significant 
or  ursiCfirt-d  change  in  the  aircraft  atir.d^namit  ltfi< 

These  requirements  are  not  ir/te:  ~ded  iC-  apply  to  C"*nd-'ions  where 
loss  of  lift  fntenticnji  1  or  normal  (i.e.,  during  transfer  from  aerodynamic 

lift  from  a  wing  to  direct  lift  iitm  lifting  engines),  provide-'!  no  undesirable 
conditions  result  as  a  consequence  of  lift  transfe*-. 

Paragraph  3.8.2.  I  is  Dased  on  Section  5.4.  2.  <  c.  MLL-F  -8785B 
(Reference  10)but  modified  to  reflect  the  mere  general  terminology  appro- 
jriiate  to  V/STOL  aircraft-  It  is  intended  to  ensure  that  the  pilot  is  given 
clear  and  adequate  warning  of  the  approach  of  a  ic-cs  of  rie rodyna _-;ic  lift  con¬ 
dition  sc  that  he  rry'-y  take  appropriate  con  ective  action  in  time  to  zvovi  a 
dangerous  flight  condition  if  it  should  exist.  The  requirement  is  only  intended 
to  apply  for  those  conditions  where  the  loss  of  such  lift  requires  pilot  action, 
and  is  not  intended  to  be  required  in  conditions  where  the  loss  of  lift  is 
intentional,  or  normal,  and  does  not  call  for  special  pilot  consideration. 

(For  instance,  loss  of  aerodynamic  lift  from  lilt  ducts  may  he  compensated 
for  by  increased  direct  lift  as  ducts  are  rotated  up.  Provided  no  buffet  or 
other  undesirable  conditions  result  as  a  consequence  of  thiC-  loss  of  aero¬ 
dynamic  lift,  no  warning  need  be  given  the  pi*o -t./ 

The  in'ent  of  Section  3.  8.  2.  2  is  .=-£  If -explanatory  and  is  meant  to 
ensure  that  the  condition  of  lost  aerodynamic  lift  is  not  catastrophic  and 
recovery  can  be  executed  without  exceptional  pilot  skill  or  strength,  before 
the  aircraft  loses  excessive  altitude  or  builds  up  excessive  speeds. 

Section  3.8.  2.  3  is  intended  to  assure  that  upon  entry  into  a  loss  of 
aerodynamic  lift  condition,  the  subsequent  recovery  of  the  aircraft  is  not 
limited  by  stalling  of  aerodynamic  surfaces  or  'masking  ”  of  propulsion  sys¬ 
tems.  etc.  The  control  force  limitations  are  reasonable  and  compatible  -* 
with  the  capabilities  of  a  pilot  under  emergency  conditions. 

Requirements  similar  to  3-  8.  2.  2  and  3.  8.  2.  3  are  found  in  AGARD 
408A  (Reference  46)  and  RTkf-37  (Reference  47)  as  follows: 

AGARD  408A- Section  6.4.7  -  wIt  should  be  possible  to  avoid  the 

attainment  of  the  minimum  flight  speed  by  normal  use  of  the 

controls  at  the  onset  of  the  warning.  In  the  event  of  attaining 

V  .  it  should  be  possible  to  recover  by  normal  use  of  the 
mxn  * 

controls,  with  engine  power  used  as  necessary,  and  without 
excessive  loss  of  altitude  or  increase  in  speed.  Control  forces 
should  not  exceed  20  pounds  for  Lateral  control,  40  pounds  for 
longitudinal  control  or  80  pounds  for  directional  control.  ” 

RTM  37  -  Part  of  Section  3.7.6.  7  -  "It  shall  be  possible  to  prevent 
stall  by  normal  use  of  the  controls  at  the  onset  of  stall  warning.  In 
the  event  of  a  complete  stall,  it  shall  be  possible  to  recover  (by 
normal  use  of  the  controls  with  reasonable  control  forces)  without 
excessive  loss  of  altitude  or  'mild up  of  speed.  " 
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3.8.  3 


PILOT-INDUCED  OSCILLATIONS 


REQUIREMENT 

3.  8.  3  Pilot-induced  oscillations.  There  shall  be  no  tendency  for  pilot- 
induced  oscillations,  that  is,  sustained  or  uncontrollable  oscillations  re¬ 
sulting  from  the  efforts  of  the  pilot  to  control  the  aircraft  about  any  control 
axis  or  combination  of  control  axes. 

DISCUSSION 

This  requirement  is  similar  to  paragraphs  3.  Z.  Z.  3  and  3.  3.  3  of 
M1L-F-S785B  {Reference  10).  However,  the  requirement  now  applies  to 
pilot-induced  oscillations  (PIO)  tendencies  about  or  along  any  axis,  such  as 
vertical  PIO. 

The  requirement  is,  of  necessity,  qualitative  because  of  the  multitude 
of  factors  contributing  to  PIO  susceptibility.  Such  factors  as  short-period 
dynamics,  control  and  force-feel  system  dynamics,  pilot  body  and  body  sup¬ 
port  dynamics,  control  system  friction  and  free  play  and  structural  and  aero- 
e lastic  modes,  etc,  have  all  been  identified  as  sources  of  PIO  problems. 
Reference  84,  for  example,  presen*s  a  description  of  PIO  difficulties  related 
to  the  use  of  bobweights  in  control  systems. 


1 

* 
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3.8.4  BUFFET 
REQUIREMENT 

3.8.4  Buffet.  Within  the  boundaries  of  the  Operational  Flight  Envelope, 
there  shall  be  no  objection? Me  buffet  which  might  detract  from  the  effec¬ 
tiveness  of  the  aircraft  in  executing  its  intended  missions. 

DISCUSSION 

This  requirement  is  identical  to  Section  3.4.6  of  MLL-F-8785B 
(Reference  10).  Obviously,  objectionable  buffet  can  seriously  detract  from 
mission  effectiveness  both  directly  by  interfering  with  precision  tasks  and 
indirectly  through  fatigue  which  reduces  crew  proficiency.  The  lack  of 
suitable  data  precludes  a  quantitative  requirement  at  this  time. 


3.  8.  5 


RELEASE  OF  STORES 


3.8.6  EFFECTS  OF  ARMAMENT  DELIVERY  AND 
"SERIAL  EQUIPMENT 

REQUIREMENT 

3.8.5  Release  of  stores.  The  intentional  release  of  any  stores  shall  not 
result  in  objectionable  flight  characteristics  for  Levels  1  and  2.  However, 
the  intentional  release  of  stores  shall  never  result  in  dangerous  dr  intoler¬ 
able  flight  characteristics.  This  requirement  applies  for  all  flight  conditions 
and  store  loadings  at  which  normal  or  emergency  store  release  is  structurally 
permissible. 

3.8.6  Effects  of  armament  delivery  and  special  eo-iipment.  Operation  of 
movable  parts  such  as  bomb  bay  doors,  cargo  doors,  armament  pods, 
refueling  devices,  rescue  equipment,  or  firing  of  weapons,  release  of  bombs, 
extension  of  lift  engines,  or  delivery  or  pickup  of  cargo  shall  not  cause  buffet, 
trim  changes,  or  other  characteristics  which  impair  the  tactical  effectiveness 
of  the  aircraft  under  any  pertinent  flight  condition.  These  requirements  shall 
be  met  for  Levels  1  and  2. 

DISCUSSION 

These  two  requirements  are  identical  to  paragraphs  3.4.7  and  3.4.8 
of  MIL-F -8785B  {Reference  10).  These  requirements  are  necessary  although 
the  variety  of  possibilities  makes  it  necessary  to  phrase  the  requirement 
qualitatively. 
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3.8.7  CROSS- COUPLED  EFFECTS 


REQUIREMENT 

3.8.7  Cross-coupled  effects.  Control  inputs  or  aircraft  motions  about  a 
given  aircraft  axis  shall  not  induce  objectionable  control  forces  or  aircraft 
motions  about  any  other  axis.  Specifically,  the  requirements  of  3.8.7.  1  aad 
3.  8. 7.  2  shall  apply. 

3.8.7.  1  Gyroscopic  effects.  Gyroscopic  moments  caused  by  rotating  com¬ 
ponents  shall  not  result  in  objectionable  flight  or  ground  handling  character¬ 
istics-  In  flight,  the  elimination  of  the  cross-coupled  response  during  the 
maneuvers  required  to  demonstrate  compliance  with  this  specification  shall 
require  less  than  10  percent  of  the  maximum  control  moment  available  about 
the  cross -coupling  axis  for  Level  1,  and  less  than  20  percent  for  Level  2. 

3.8.7 .2  Inertial  and  aerodynamic  cross -coupling.  The  application  of  any 
cockpit  control  input  necessary  to  meet  any  pitch,  roll  or  yaw  performance 
requirement  of  this  specification  shall  not  result  in  any  objectionable  air¬ 
craft  attitudes  or  angular  rates  about  the  axes  not  under  consideration.  In 
addition,  undesired  altituc^  changes  shall  be  minimal. 

DISCUSSION 

Excessive  cross -coupling  can  produce  serious  degradation  of  flying 
qualities  both  in  hovering  and  in  forward  flight.  It  was,  therefore,  con¬ 
sidered  appropriate  to  place  the  requirements  of  3.8.7  in  the  miscellaneous 
section  to  avoid  repetition  in  Sections  3. 2  and  3.  3. 

These  requirements  are  essentially  those  of  Sections  6.2.  1  and  6.  2.  3 
of  AGA RD  408A  {Reference  4fc).  Section  3-8- 7.  2  above  has  been  generalized 
to  restrict  objectionable  coupling  about  any  of  the  control  axes.  The  maneu¬ 
vers  necessary  to  demonstrate  compliance  with  the  pitch,  roll  and  yaw 
maneuver  performance  requirements  of  Sections  3.2  and  3.  3  are  considered 
realistic  for  demonstration  cf  compliance  with  3-8.7 .2. 

Various  cross -coupling  requirements  can  be  found  in  other  documents. 
For  example,  MIL-F -8785B  (Reference  10)  Section  3.4.4,  RTM-37  (Refer¬ 
ence  47)  Sections  3.6.4  and  3.7.4.  13,  and  LGL-H-8501A  (Reference  15) 
Sections  3.3.  14,  3.5.  II,  and  3.5.  11.  I.  All  the  concepts  of  these  require¬ 
ments  are  adequately  covered  by  the  present  requirements,  and  there  are 
no  apparent  conflicts. 
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3.8.8 


FAILURES 


REQUIREMENT 

3.8.8  F ailures.  No  single  failure  of  any  component  or  system  shall  result 

in  dangerous  or  intolerable  flying  qualities;  Special  Failure  States  (3.  1.6.2.  1), 
including  certain  propulsion  failures  (3.  1.  10.  3.4  and  3.8.  9)  are  excepted. 

The  crew  members  concerned  shall  be  provided  with  immediate  and  easily 
interpreted  indications  whenever  failures  occur  that  require  or  limit  any 
flight-crew  action  or  decision. 

t  '  »/  ' 

3.8.8.  1  Transients  following  failures.  The  aircraft  motions  following 
sudden  aircraft  sy sterner  component  failures  which  might  occur  during  maneu¬ 
vering  flight  or  unattended  trimmed  flight  shall  be  such  that  dangerous  con¬ 
ditions  can  be  avoided  by  pilot  corrective  action.  A  realistic  time  delay 
between  the  failure  and  initiation  of  pilot  corrective  action  shall  be  incorpora¬ 
ted  when  determining  compliance.  This  .time  delay  should  include  an  interval 
between  the  occurrence  of  the  failure  and  the  occurrence  of  a  cue  such  as 
acceleration,  rate,  displacement,  or  sound  that  will  definitely  indicate  to  the 
pilot  that  a  failure  has  occurred,  plus  an  additional  interval  which  represents 
the  time  required  for  the  pilot  to  diagnose  the  situation  and  initiate  corrective 
action. 


DISCUSSION 

' 

•  e 

The  need  for  these  two  requirements,  taken  from  MIL-F-8785B 
(Reference  10),  is  self-evident. 

Certain  failures  inherently  provide  warning  of  their  occurrence 
through  aircraft  transient  motions,  characteristic  noises,  etc.  Other  fail¬ 
ures  may  be  more  subtle.  For  example,  a  stability  augmentation  system 
failure  may  result  only  in  a  loss  of  authority  with  no  accompanying  transient 
motions.  Although  the  aircraft  remains  stable  for  small  perturbation  mo¬ 
tions,  subsequent  gross  maneuvering  or  encounters  with  turbulence  may 
result  in  SAS  saturation  and  severe  degradation  in  flying  qualities.  Thus, 
3.8.8  requires  that  adequate  and  timely  warning  be  provided  to  the  crew 
whenever  crew  action  or  decision  is  required  in  the  event  of  a  failure. 

Paragraph  3.8.8.  1  is  intended  to  remind  the  designer  that  in  deter¬ 
mining  the  allowable  time  delays'  to  corrective  action  following  failures, 
consideration  must  be  given  tothe  adequacy  of- the  natural  or  artificial  warning 
and  the  magnitude  of  the  transient  rfiotions.  * 

in  addition,  consideration  should  be  givpn  to  the  nature  of  the  control 
correcticr.s  required  to  effect  recovery.  That  is  to  say,  failures  which  re¬ 
quire  -nnatura;  or  unusual  control  corrections  will  probably  require  greater 
time  delays  since  the  pilot  will  not  be  able  to  react  "instinctively"  in  these 
cases. 


Best  Available  COPY 
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3.  8.9 


CONTROL  FOLLOW  LNG  LOSS  OF  THRUST /POWERED  LIFT 


REQUIREMENT 

V 

3.8.9  Control  following  loss  of  thrust/powered  lift.  Thrust,  powered  lift, 
or  both  ms.y  be  lost  from  many  factors  including  engine  failure,  inlet  unstart, 
propeller  failure,  propeller-drive  failure  and  boundary -layer  control  system 
failure.  The  requirements  of  3-8-9-  1  through  3. 8- 9- 2.  3  apply  to  loss  of 
thrust  or  lift  on  one  or  more  engines,  propellers  and  segments  of  a  powered 
lift  system,  caused  by  all  single  factors  except  structural  failure  of  pro¬ 
pellers  or  rotors-  The  effect  of  the  failure  or  i.^lperfcrmance  of  all 
powered  or  driven  subsystems  shall  also  be  included.  In  demonstrating  com¬ 
pliance  with  3- 8.  9- 1  through  3.  8- 9-  Z.  3,  a  realistic  time  delay  {3.  8.  8- 1) 
shall  be  incorporated  between  the  thrust  loss  and  pilot  action. 

3-8.9-  1  Thrust /powered  lift  loss  on  the  ground.  During  all  takeoffs  and 
landings  of  the  aircraft,  it  shall  be  possible  without  exceptional  pilot  skill 
to  maintain  control  following  a  sudden  loss  of  thrust,  powered  lift,  or  both. 

No  failures,  beyond  those  required  by  3.8.9,  need  be  considered.  For 
running  takeoffs  and  landings  it  shall  further  be  possible,  after  loss,  to 
achieve  and  maintain  a  straight  path  while  or.  the  ground  without  a  deviation 
of  more  than  30  feet  from  the  path  originally  intended.  Control  forces  shall 
not  exceed  the  values  for  Level  3  in  table  XIII. 

Additional  controls  such  as  nosewheel  steering  if  operated  by  the  yaw  con¬ 
trol,  differential  braking,  and  automatic  devices  which  normally  operate  in 
the  event  of  a  thrust  loss  may  be  used.  For  aborted  takeoffs,  the  require¬ 
ments  apply  up  to  the  maximum  takeoff  speed  for  the  configuration.  For 
continued  takeoffs  these  requirements  apply  to  thrust/powered  lilt  loss  at 
speeds  from  the  lowest  refusal  speed  for  the  configuration  to  the  maximum 
takeoff  speed,  and  the  requirements  of  3.  8.  9- £  apply  once  the  aircratt  is 
airborne. 

3.8.9--  Thrust/powered  lift  loss  in  flight.  The  aircraft  motions  following 
a  sudden  loss  of  thrustj  powered  lift,  or  both  shall  be  such  that  dangerous 
conditions  can  be  avoided  by  corrective  action  without  undue  pilot  skill. 

From  considerations  of  operational  requirements,  the  procuring  activity  will 
designate  which  of  the  following  requirements  apply  after  the  loss. 

3.8.9.  1.  1  Continued  mission.  Aircraft  required  to  proceed  from  Category 
C  Flight  Phases  to  Category  A  or  B  Flight  Phases  shall  meet  at  least  Level  2 
flying  qualities  requirements  following  the  thrust  or  powered  lilt  loss.  Air¬ 
craft  recuired  to  complete  Category  A  Flight  Pnases  shall  meet  at  least 
Level  2  flying  qualities  requirements  following  the  thrust  or  powered  ii:t  loss. 
Aircraft  required  to  terminate  Category  A  Flignt  Phases  anc  to  complete 
Category  3  Flight  Phases  shall  meet  at  least  Level  3  flying  qualities  require¬ 
ments  following  the  thrust  loss. 


3-8.9 .2.2  Safe  landing.  Aircraft  required  to  perform  a  safe  landing  shall 
meet  at  least  Level  3  flying  qualities  requirements  following  the  thrust  loss. 

If  the  landing  is  completed  using  autorotation,  the  autorotation  requirements 
of  3.8.  10  through  3.8.  10.  3  must  also  be  satisfied. 

3.  8- 9- 2.  3  Crew  escape.  When  there  are  no  operational  .requirements  after 
a  loss  of  thrust/powered  lift,  the  aircraft  shall  not  diverge  so  rapidly  that 
the  ability  of  the  crew  to  escape  is  impaired. 

DISCUSSION 

These  paragraphs  state  the  requirements  for  the  specific  failure 
state  of  loss  of  thrust  or  powered  lift.  Paragraph  3.8.9  is  intended  to  point 
out  that  many  types  of  failures  can  give  rise  to  thrust /powe red  lift  losses. 

In  addition,  all  side  effects  of  the  failure  must  be  considered.  For  example, 
a  turbine  failure  may  result  in  complete  or  partial  loss  of  bleed  air  for  a 
reaction  control  system,  hydraulic  pressure  for  a  boosted  control  system, 
and  electrical  power.  Any  analysis  of  the  consequences  of  this  turbine  failure 
which  did  not  consider  all  the  related  side  effects  could  result  in  extremely 
optimistic  conclusions. 

The  intent  of  paragraph  3.  8.  9-  1  is  to  assure  that  deviations  of  the 
aircrafts  ground  track  following  the  failure  shall  be  controllable  so  that  tfc** 
pilot  can  either  abort  or  continue  the  takeoff  without  leaving  the  side  of  the 
runway.  The  use  of  additional  controls  is  permitted  provided  the  pilot  is 
not  required  to  remove  his  hands  or  feet  from  the  pitch,  roll  and  yaw  cockpit 
controls  to  operate  them-  For  example,  requiring  the  pilot  to  operate  a 
separate  tiller  bar  for  nosewheel  steering  would  require  his  releasing  either 
the  throttle  or  the  stick.  If  the  normal  crew  complement  includes  a  copilot, 
he  may  assume  the  control  which  the  pilot  had  released.  However,  this 
situation  is  awkward  and  potentially  dangerous.  With  only  a  single  crew-man, 
the  operation  of  separate  controls  may  be  catastrophic. 

Upon  becoming  airborne  following  a  thrust  loss  on  the  ground,  or  if 
the  failure  occurs  in  flight,  the  requirements  of  3.  8.9.  2  to  3.  8.  9- 2.  3  apply. 

The  rationale  for  these  requirements  parallels  the  reasoning  of 
Schairer  {Reference  122).  He  argues  that  there  are  basically  three  possible 
failure  situations; 


"Firstly,  there  are  one  and  tw«_  engine  combat  aircraft  which 
ordinarily  fly  with  only  one  or  two  people  aboard.  It  appears 
acceptable  practice  to  make  no  provision  in  the  powerplant 
number  or  size  to  provide  for  engine  failure  during  takeoff 
or  landing-  The  crew  is  protected  by  ejection  seats  which 
can  operate  down  to  zero  speed- 
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secondly,  there  are  aircraft  without  stored  energy  and  with 
too  many  passengers  aboard  to  consider  ejection  seats-  These 
aircraft  must  be  designed  to  survive  a  failure  of  any  engine 
at  any  time  during  takeoff,  landing  or  enroute.  Usually  they 
will  be  designed  to  be  able  to  continue  to  intended  destination. 

The  power  of  the  remaining  active  engines  must  keep  the  aircraft 
in  flight  and  under  control  and  usually  without  drawing  from 
any  of  the  remaining  engines  sufficient  power  to  require  their 
removal  or  replacement. 

“Thirdly,  there  are  those  helicopters,  tilt  rotors  and  tilt  wings, 
which  have  been  designed  to  hold  enough  stored  energy  in  their 
propulsion  systems  to  permit  an  emergency  landing  following  a 
powerplant  failure-  Sometimes  the  aircraft  will  be  damaged  in 
the  emergency  landing  but  ordinarily  there  will  be  no  personnel 
injuries.  For  long  range  operation  there  is  an  unanswered 
question  about  the  requirement  for  continued  flight  to  the 
destination  such  as  might  be  required  over  water.  “ 

Tnese  possibilities,  in  their  most  general  form,  may  be  summarized 
as: 


1.  Crew  escape 

2 .  Continue  mission 

3-  Land 

1?  is  not  the  purpose  of  a  flying  qualities  specification  to  decide  which 
of  these  possibilities  should  be  applied,  rather  it  is  the  job  of  the  specifica¬ 
tion  to  decide  what  flying  qualities  should  be  available  to  the  chosen  possi¬ 
bility.  Therefore,  the  procuring  activity  will  specify  which  of  3.  8.  9-  Z.  1 
to  3.  8-  9.  — -  3  shall  apply. 

The  most  stringent  requirement  that  can  be  applied  is  that  the  air¬ 
craft  have  the  capability  of  continuing  its  mission  following  a  thrust  loss. 
Under  paragraph  3.8.  9-  Z.  1  the  procuring  activity  may  specify  any  of  three 
failure  characteristics- 

First,  it  may  be  required  that  an  aircraft  have  the  capability  of  pro¬ 
ceeding  from  a  Category  C  Flight  Phase  to  Category  A  or  B  Flight  Phases 
with  Level  2  flying  qualities.  By  definition,  this  is  the  minimum  level  of 
f  flying  qualities  for  accomplishment  of  the  mission  Flight  Phase.  For  exam  - 

I  -  pie,  imposition  of  this  requirement  to  a  VTOL  ground  attack  aircraft  would 

;  demand  the  capability  to  suffer  a  thrust  loss  during  a  vertical  takeoff 

t  __  (Category  C)  and  with  the  remaining  thrust  available  to  cruise  to  its  target 

i  (Category  B)  and  make  ground  attacks  (Category  A)  with  at  least  Level  2 

=  flying  qualities. 

£ 

Secondly,  the  procuring  activity  has  the  option  of  specifying  a  less 
■  stringent  requirement  which  is  intended  to  assure  that  an  aircraft  has  the 
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capability  of  terminating  its  mission  and  returning  safely.  That  is  to  say, 
it  may  be  required  that  following  a  thrust  loss,  the  aircraft  can  safely  termi¬ 
nate  Category  A  and  complete  Category  B  Plight  Phases.  This  is,  in  fact, 
the  definition  of  Level  3  flying  qualities. 

When  there  is  no  necessity  to  continue  the  mission,  the  procuring 
activity  may  require  that  the  aircraft  have  the  capability  to  make  a  safe 
landing  (3.  8-  9-  Z.Z).  This  requirement  might  be  imposed  on  a  personnel 
transport,  for  example,  where  the  number  of  passengers  aboard  makes  it 
impossible  to  consider  ejection.  For  an  aircraft  with  little  stored  energy, 
this  would  require  the  capability  to  make  an  unpowered  or  partial  power 
descent  to  a  landing  site  (if  available)  and  execute  a  landing.  Rates  of 
descent  under  these  conditions  should  be  such  that  ordinarily  there  will  be 
no  personal  injuries.  Sometimes,  however,  the  aircraft  may  be  damaged 
in  the  emergency  landing.  Aircraft  with  sufficient  stored  energy,  such  as 
rotary  wing  vehicles,  may  use  their  auto  rotative  capability  to  execute  the 
landing. 

Finally,  when  there  is  no  requirement  to  land  the  aircraft,  as  when 
the  crew  complement  is  such  that  ejection  is  feasible,  the  procuring  activity 
may  specify  3.  8.  9.  1.  3.  No  specific  Level  of  handling  qualities  is  required; 
however,  it  must  be  possible  to  maintain  the  aircraft’s  transient  motions 
within  the  operating  limits  of  the  particular  crew  escape  or  ejection 
mechanism  provided. 
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3.8.  10 


AUTOROTATION 


REQUIREMENT 

3-8.  10  Autorotation.  All  aircraft  required  by  the  procuring  activity  to 
demonstrate  an  autorotative  capability  shall  meet  the  following  requirements. 

3.  8.  10.  1  Auto  rotation  entry.  The  aircraft  shall  be  capable  of  entry  into 
auto  rotation  (power  ofi)  at  all  speeds  from  hover  to  Vcon.  Following  power 
failure  a  delay  of  1  seer  ad  prior  to  pilot  corrective  action  is  mandatory,  and 
a  delay  of  2  seconds  is  desired-  During  the  delay,  no  dangerous  flight  con¬ 
ditions  or  excessive  changes  in  aircraft  attitude  or  altitude  shall  occur. 
Changes  in  aircraft  attitudes  shall  be  considered  excessive  if  they  exceed 
20  degrees  in  2  seconds  following  complete  loss  of  power  with  controls  fixed- 
During  the  transition  from  powered  flight  to  autorotative  flight,  the  control 
forces  shall  not  exceed  the  Level  2  maxim  urns  of  table  XIII,  and  20  percent 
of  the  nominal  control  power  must  remain  for  maneuvering. 

3. 8.  10.  2  Autorotative  descent  and  landing.  All  aircraft  with  an  autorotative 
capability  requirement  shall  be  capable  of  descending  and  landing  (power  off) 
safely.  The  pitch,  roll  and  yaw  dynamic  stability  requirements  of  this  speci¬ 
fication  shall  apply  in  autorotation  at  any  speed.  Touchdown  speeds  and 
landing  zone  environment  will  be  specified  by  the  procuring  activity  - 

DJSCUSSION 

Requirements  similar  to  3.8.  10  are  found  in  MLL-H-8501A  and 
RTM-37  (References  15  and  47  respectively). 

It  is  recognized  that  during  the  entry  into  a  controlled  autorotation 
following  power  failure,  some  altitude  will  generally  be  lost.  When  the 
initial  altitude  of  the  vehicle  is  insufficient  to  permit  recovery  before 
impacting  the  ground,  the  aircraft  is  considered  to  be  flying  within  the  critical 
height-velocity  regime.  The  requirements  for  power  failure  characteristics 
within  the  critical  height-velocity  regime  are  stated  in  paragraph  3.  1.  10.  3.4 
of  Reference  1. 

The  specification  of  a  mandatory  delay  time  before  pilot  control  cor¬ 
rections  is  intended  to  assure  that  the  rate  of  divergence  of  the  aircraft 
motions  following  power  failure  is  compatible  with  the  pilot's  capability  to 
detect  and  diagnose  the  failure  and  make  appropriate  control  corrections. 
Obviously,  the  maximum  delay  time  which  can  be  demonstrated  is  a  function 
of  the  vehicle's  configuration  and  flight  regime,  the  adequacy  of  natural  or 
artificial  failure  warnings  and  the  physiology  of  the  pilot. 


MIL-H-8501A  (Reference  15)  requires  that  it  be  possible  to  transition 
safely  to  autorotation  when  the  collective  pitch  control  correction  has  been 
delayed  for  2  seconds.  No  minimum  time  delay  is  specified  for  the  other 
controls  (roll,  pitch  or  yaw).  Simulated  power  failure  testing  of  a  high 
performance  helicopter,  the  AH-  1G  Huey  Cobra,  documented  in  Reference 
91,  indicate  that,  for  this  vehicle,  the  collective  delay  times  are  related 
to  the  degree  of  cyclic  flare  used  in  the  recovery.  The  maximum  collective 
delay  time  reported  was  2.  2  seconds  following  a  throttle  chop  at  163  knots 
CAJ.  However,  for  fids  case,  the  cyclic  flare  (pitch  control)  was  initiated 
at  about  0.  6  seconds  while  a  yaw  control  correction  was  made  almost 
immediately  following  the  power  loss.  It  seems,  therefore,  unrealistic  to 
limit  the  demonstration  of  time  delay  to  the  collective  control  only,  when 
much  shorter  reaction  times  are  required  to  control  the  other  degrees  of 
freedom  of  the  vehicle. 

A  more  realistic  approach  has  been  taken  in  RTM-37  (Reference  47) 
in  which  a  reaction  delay  time  of  2  seconds  for  all  controls  is  considered 
desirable  while  1  second  is  mandatory  for  demonstration  of  compliance. 

A  similar  requirement  has  been  adopted  for  the  V/STO L  Specification 
(Reference  1). 

Little  or  no  data  base  exists  to  substantiate  this  requirement  since 
military  helicopters  to  date  have  generally  been  procured  and  tested  against 
MLL-H-8501A.  However,  under  operational  conditions,  the  transients 
associated  with  power  failures  may  be  much  more  critical  than  can  be  effec¬ 
tively  simulated  by  throttle  chops  as  in  flight  testing.  It  is  considered, 
therefore,  that  a  one-second  mandatory  time  delay  is  not  unrealistic  and  may, 
under  certain  circumstances,  be  too  lenient. 

MLL-H-850 1A  restricts  transient  attitude  changes  to  10  degrees 
within  the  first  2  seconds  while  yaw  attitude  excursions  of  20  degrees  are 
allowed  for  speeds  less  than  the  speed  for  best  climbs-  The  requirement  of 
RTM-37  is  similar.  The  V/STOL  Specification  is  less  restrictive  and  allows 
attitude  changes  up  to  20  degrees  from  hover  to  Vcon. 

Touchdown  speeds  have  not  been  specified  since  they  are  directly 
related  to  the  use  of  wheels  or  skids  and  wind  conditions-  In  addition,  the 
procuring  activity  should  specify  the  landing  zone  environment  (i.  e. ,  wind 
conditions,  level  paved  surface,  carrier  deck,  sea  state,  etc),  since  they 
are  operational  considerations.  The  handling  quality  requirement  is  essen¬ 
tially  that  the  aircraft  flying  qualities  shall  never  be  worse  than  Level  3  for 
autorotative  (power-off)  landing  in  the  operational  environments  envisioned 
by  the  procuring  activity. 
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3.8.  11 


VIBRATION  CHARACTERISTICS 


REQUIREMENT 

3-8-  11  Vibration  characteristics-  Throughout  the  Operational  Flight 
Envelope,  the  aircraft  shall  be  free  of  objectionable  shake,  vibration,  or 
roughness.  In  addition,  throughout  the  Operational  Flight  Envelope  the  air¬ 
craft  shall  not  exhibit  mechanical  or  aeroelastic  instabilities  (i.e. ,  ground 
resonance,  flutter,  etc.)  that  degrade  the  flying  qualities. 

DISCUSSION 

This  requirement  is  intended  to  draw  attention  to  the  adverse  effects 
of  mechanical  and  aeroelastic  vibration  on  flying  qualities.  MLL-H-8501A 
(Reference  15.)  places  quantitative  limits  on  vibratory  acceleration  and  dis¬ 
placement  both  at  the  cockpit  controls  and  at  pilot,  crew,  passenger  and 
litter  stations.  There  appears  to  be  little  data  to  substantiate  these  require¬ 
ments.  Considering  thp  great  variety  of  possible  V /STOL  concepts,  it  is 
felt  that  a  quantitative  vibration  requirement  is  not  feasible  at  the  present 
time. 


4. 


QUALITY  ASSURANCE  PROVISIONS 


REQUIREMENT 

4.  1  Deterrrunat ion.  Quality  assurance  shall  be  determined  through: 

Analysis 
Simulation 
Ground  test 
Flight  test. 

The  contract  end  item  specification  for  each  procurement  will  delineate,  for 
each  requirement  of  section  3,  which  of  these  methods  shall  be  used.  In 
order  to  restrict  the  number  of  design  and  test  conditions,  representative 
flight  conditions,  configurations,  external  store  complements,  loadings,  etc., 
shall  be  determined  for  detailed  investigation.  The  selected  design  points 
must  be  sufficient  to  allow  extrapolation  to  the  other  conditions  at  which  the 
requirements  apply.  The  required  failure  analyses  shall  be  thorough,  ex¬ 
cepting  only  approved  Special  Failure  States  (3.  1.6.2.  1). 

4.2  Interpretation  of  qualitative  requirements.  Requirements  which  are  not 
stated  in  terms  of  quantitative  values” of  a  particular  stability  or  control  param¬ 
eter  are  to  be  interpreted  with  due  regard  to  the  intent  of  the  Level  detinitions 
of  1.5.  Final  determination  of  compliance  with  such  qualitative  requirements 
will  be  made  by  the  procuring  activity  through  flight  test  or  other  suitable 
means. 

DISCUSSION 

The  philosophy  underlying  the  V/STOL  Specification  is  that  the  re¬ 
quirements  should  apply  under  those  conditions  in  which  the  aircraft  operates. 
The  requirements  therefore  apply  in  those  flight  regimes,  with  the  loadings, 
external  store  combinations,  and  geometric  configurations  required  by  the 
aircraft's  missions;  plus  failure  considerations.  It  is  recognized,  however, 
that  the  number  of  design  or  flight  test  points  that  can  be  examined  in  detail 
is  generally  severely  limited  by  both  time  and  money;  so  guidance  should  be 
provided  to  limit  the  magnitude  of  the  design  task  or  flight  test  program. 

In  MIL-F-8785B  (Reference  10),  a  significant  amount  of  guidance  is 
provided  in  choosing  the  flight  conditions  which  should  be  tested.  This  is 
amplified  by  the  discussion  in  the  BIUG  (Reference  84),  page  463. 

To  establish  guidelines  it  is  necessary  to  know: 

•  which  factors,  such  as  speed,  inertia  and  aerodynamic 
characteristics,  influence  the  statics,  dynamics  and  response 

•  how  the  important  factors  change  throughout  the  flight 
envelope. 

For  conventional  aircraft  there  is  a  good  deal  of  experience  on 
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which  to  base  prognostication;  also  the  aerodynamic  characteristics  vary  in 
reasonably  predictable  ways,  e.g.,  nondimens  tonal  stability  and  control 
derivatives  are  constant  (except  for  Mach  number  variation)  as  speed  and 
altitude  are  changed  (there  is  little  or  no  power  effect). 

On  this  basis,  for  conventional  aircraft  it  is  possible  to  reason  that 
for  example  (Reference  84,  page  47  lh 


Zki, 


'SP 


SP 


will  be  proportional  to  =  wfe 

will  be  proportional  to  -fc^’ 


fffz  will  be  proportional  to  Vrcr' 


fi/tz  will  be  proportional  to  -  v{- 


The  effect  of  load  factor  on  the  aerodynamic  characteristics 
is  deduced  to  be  primarily  that  caused  by  the  increased 
angle  of  attack.  This,  in  turn,  is  inversely  proportional 
to  the  changes  which  occur  with  increased  speed. 

Such  assumptions  as  those  outlined  above  could  be  quite  misleading 
if  applied  to  a  V  /STOLc 

•  Speed  changes. 

If  a  V/STOJL  increases  speed  it  may  be  necessary  to 
change  configuration  (e.g.,  using  tilt  angle).  This  will 
obviously  cause  significant  nondimensional  derivative  changes. 
If  the  speed  is  increased  at  a  fixed  configuration  there  will 
almost  certainly  be  large  power  effects  which  will  modify 
the  nondimensional  derivatives. 

•  Altitude  changes. 

As  altitude  is  increased  at  a  given  speed  and  fixed 
configuration  the  trends  in  stability  and  control  character¬ 
istics  are  likely  to  be  similar  to  those  for  conventional 
aircraft. 

•  Effect  of  normal  load  factor. 

This  is  likely  to  result  in  the  most  complex  changes 
since  normal  load  factor  will  be  produced  by  combinations 
of  power  change  and  angle  of  attack  change.  Changes  in 
power  can  influence  all  the  longitudinal  and  lateral- 
directional  stability  and  control  derivatives.  Changes  in 
angle  of  attack  could  be  complex  if,  as  is  likely,  they 
exceed  ranges  of  linearity.  Certainly  large  perturbations 
should  be  considered  in  this  regard. 

As  a  result  of  these  complications,  which  make  it  appear  that  generalized 
trends  will  not  be  predictable  for  all  possible  V/5TOE  configurations,  it  is 
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up  to  the  designer  to  choose  the  representative  conditions  for  flight  testing. 
He  will  very  likely  have  to  make  use  of  computer  simulations  to  determine 
the  critical  conditions  which  should  be  investigated  by  flight  test,  and  also 
to  show  that  interpolation  between  flight  test  points  is  valid. 
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5.  PREPARATION  FOR  DELIVERY 

5.  1  General.  Section  5  is  not  applicable  to  this  specification. 
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6. 


NOTES 


DISCUSSION 

This  section  provides  definitions  of  the  symbols  used  in  the  specifica¬ 
tion  and  also  gives  some  notes  of  clarification  on  various  concepts  such  as 
application  of  Levels. 

Because  of  the  large  number  of  definitions,  paragraph  6.  Z  has  been 
divided  into  subsections  for  clarity.  Most  of  the  definitions  should  be  self- 
explanatory;  but  some  of  the  more  complex  parameters,  such  as  the  roll- 
sideslip  coupling  parameters,  are  explained  more  thoroughly  in  the  dis¬ 
cussions  of  the  requirements  to  which  they  apply. 

For  completeness.  Section  6  of  Reference  1  is  given  below.  No 
further  discussion  seems  necessary  because  the  notes  themselves  are 
explanatory  in  nature. 

6.  I  Intended  use.  This  specification  contains  the  flying  qualities  require- 
ments  ior  military  piloted  V/STOL  aircraft  operating  at  speeds  up  to  Vcon 
and  shall  form  one  of  the  bases  for  determination,  by  the  procuring  activity, 
of  aircraft  acceptability.  The  specification  shall  serve  as  design  requirements 
and  as  criteria  for  use  in  stability  and  control  calculations,  analysis  of  wind- 
tunnel  test  resuits,  fiying  qualities  simulation  tests,  and  flight  testing  and 
evaluation.  To  the  extent  possible,  this  specification  should  be  met  by  pro¬ 
viding  an  inherently  good  basic  airframe.  Where  that  is  not  feasible,  or  where 
inordinate  penalties  would  result,  a  mechanism  is  provided  herein  to  assure 
that  the  fligh*  safety,  flying  qualities  and  reliability  aspects  of  dependence  on 
stability  augmentation  and  other  forms  of  system  complication  will  be  con¬ 
sidered  fully. 

6.  Z  Definitions.  Terms  and  symbols  used  throughout  this  specification  are 
defined  in  the  xoliowing  subparagraphs. 

6.  Z.  1  General 

s  -  Laplace  transform  variable 

X5SL  -  mean  sea  level 

Aircraft  Normal  -  the  nomenclature  and  format  of  table  XIV  shall  be  used 
States  in  defining  the  Aircraft  Normal  States  (3.  1.6.  1} 

service  ceiling  -  aiiLude  at  a  given  airspeed  at  which  the  rate  of  climb 

Is  100  ft/min  at  stated  weight  and  engine  thrust 

combat  ceiling  -  altitude  at  a  given  airspeed  at  which  rate  of  climb  is 

500  ft/min  at  stated  weight  and  .inline  thrust 

cruising  ceiling  -  altitude  at  a  given  airspeed  at  which  rate  of  climb  is 

500  ft/min  at  NRT  at  stated  weight 
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6.  2.  2  Speeds 
refusal  speed 


TAS 

V 


v^tx), 

max 

V  .  (X) 
min 


pnd  ' 

V 

range 

V 

MAT 

V 

max 

V  . 


V 

V 

V 


min 

°max 

°min 


con 


-  maximum  service  altitude  (defined  in  3.  1-8.4) 

-  maximum  operational  altitude  (3.  1.7) 

-  minimum  operational  altitude  (3-  1-7) 

-  aircraft  center  of  gravity 

-  to  remain  stationary  relative  to  either  the  air  mass 
or  a  point  on  the  ground  as  specified  in  the  applicable 
requi  rement 


-  the  maximum  speed  to  which  the  aircraft  can  accelerate 
and  then  stop  in  the  available  runway  length 

-  true  airspeed 

-  airspeed  along  the  flight  path 

-  short-hand  notation  for  the  speeds  V  ,  V  for  a 

max  min 

given  configuration,  weight,  center -of -gravity  position, 
and  external  store  combination  associated  with  Flight 
Phase  X 


-  speed  for  maximum  endurance 

-  speed  for  maximum  range  in  zero  wind  conditions 

-  high  speed,  level  flight,  maximum  augmented  thrust 

-  maximum  service  speed  (defined  in  3-  1-8-  1) 

-  minimum  service  speed  (  defined  in  3.  1.8.2) 


-  maximum  operational  speed  (3-  1-7) 

-  minimum  operational  speed  (3.  1.7) 

-  the  speed  which  establishes  the  upper  limit  of  applica¬ 
bility  of  the  requirements  of  this  specification  and  the 
lower  limit  of  applicability  of  the  requirements  of 
MLL-F-8 78533.  No  more  precise  definition  of  VCOn 
will  be  attempted  as  it  is  assumed  that  Vco  will  be 
chosen  by  the  contractor  subject  to  approva.  oy  the 
procuring  activity-  Factors  to  be  considered  in  the 
selection  of  VCOn  are  discussed  in  the  Background 
Information  and  User’s  Guide  (BIUG);  see  6.7. 
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6.  2.  3  Thrust  and 


power 


NRT 

MKT 

MAT 

T/W 


no rural  rated  thrust,  which  is  the  maximum  thrust  at 
which  the  engine  can  be  operated  continuously 

military  rated  thrust,  which  is  the  maximum  thrust  at 
which  the  engine  can  be  operated  for  a  specified  period 

maximum  augmented  thrust  maximum  thrust,  aug¬ 
mented  by  all  means  available  for  the  Flight  Phase 

the  ratio  formed  by  dividing  the  thrust  available  by 
the  aircraft's  weight 


6.  2. 4  Control  parameters 


Pitch,  Roll,  Yaw  - 
Controls 


the  stick  or  wheel  and  rudder  pedals  manipulated  in  the 
cockpit  by  the  pilot  to  produce  pitching  moments, 
rolling  moments  and  yawing  moments,  respectively 


Thrust  Magnitude  - 
Control 


the  lever  which  is  manipulated  in  the  cockpit  by  the 
pilot  to  produce  changes  in  the  magnitude  of  the  thrust 
vector 


Thrust  Angle 
Control 


Pitch  Control 
Force 


Roll  Control 
Force 


Yaw  Control 
Force 


the  lever  or  switch  manipulated  by  the  pilot  to  produce 
changes  in  the  thrust  angle,  for  example,  wing-tilt 
angle  control 

component  of  applied  force,  exerted  by  the  pilot  on  the 
cockpit  control,  in  or  parallel  to  the  plane  of  symmetry, 
acting  at  the  center  of  the  stick  grip  or  wheel  in  a 
direction  perpendicular  to  a  line  between  the  center  of 
the  stick  grip  or  wheel  and  the  stick  or  control  column 
pivot 

for  a  stick  control,  the  component  of  control  force 
exerted  by  the  pilot  in  a  place  perpendicular  to  the 
plane  of  symmetry,  acting  at  the  center  of  the  stick 
grip  in  a  direction  perpendicular  to  a  line  between  the 
center  of  the  stick  grip  anu  the  stick  pivot.  Fora 
wheel  control,  the  total  moment  applied  by  the  pilot 
about  the  wheel  axis  in  the  plane  of  the  wheei,  diviuc-d 
by  the  average  radius  from  the  wheel  pivot  to  the 
pilot's  grip 

difference  of  push-force  components  of  forces 
exerted  by  the  pilot  on  the  rudder  pedals,  lying  in 
planes  parallel  to  the  plane  of  symmetry,  measured 
pernendicular  to  the  pedals  at  the  normal  point  of 
application  of  the  pilot's  instep  on  the  respective 
rudder  pedals 
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Thrust  Magnitude  -  component  of  applied  force,  exerted  by  the  pilot  on 
Control  Force  the  cockpit  control,  in  or  parallel  to  the  plane  of 

symmetry  acting  at  the  center  of  the  lever  grip  in 
a  direction  perpendicular  to  a  line  betweer  the 
center  of  the  lever  grip  and  the  lever  column  pivot 


Control  Surface 


Nominal  Control 
Moment 


Control  Power 


a  surface  or  device  which  is  positioned  by  a  cockpit 
control  or  by  stability  augmentation,  and  which 
produces  aerodynamic  or  jet-reaction  type  forces 
in  such  a  manner  as  to  control  the  forces,  moments, 
or  both,  on  the  aircraft-  As  used  in  this  specifica¬ 
tion,  the  pitch  control  surface,  roll  control  surface, 
and  yaw  control  surface  are  the  control  surfaces  or 
devices  which  are  controlled  by  the  pitch,  roll  and 
yaw  controls  respectively 

one-half  of  the  total  control  moment  change  avail¬ 
able  to  the  pilot  using  only  the  pitch,  roll  or  yaw 
control  at  the  given  flight  condition 

the  angular  or  linear  acceleration  available  to  the 
pilot  with  full  cockpit  control  displacement  from 
the  given  trim  condition 


b.  2.  5  Longitudinal  parameters 

n  -  normal  load  factor 

n^  -  symmetrical  flight  limit  load  factor  for  a  given 

Aircraft  Normal  State,  based  on  structural  con¬ 
siderations 


max 


n  . 
min 


n(+),  n( -) 


Hq _  j  n  _ - 

vmax  °mic 


maximum  and  minimum  service  load  factors 
(defined  in  3.  1-  8.  5} 

for  a  given  altitude,  the  upper  and  lower  boundaries 
of  n  in  the  V-n  diagrams  depicting  the  Service  Flight 
Envelope 

maximum  and  minimum  operational  load  factors 
(3.1.7) 


no(+)*  no{'} 


n/cc 


for  a  given  altitude,  the  upper  and  lower  boundaries 
of  n  in  the  V-n  diagrams  depicting  the  Operational 
Flight  Envelope  (see  Figures  6  and  7) 

the  steady-state  normal  acceleration  change  per  unit 
change  in  angle  of  attack  for  an  incremental  pitch 
control  deflection  at  constant  speed 
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VELOCITY  -ALTITUDE 


VELOCITY  -LOAD  FACTOR  AT  ALTITUDE  A -A 


_ OPERATIONAL  FUGHT  ENVELOPE  FOR  FLIGHT  PHASE 

_ SERVICE  FLIGHT  ENVELOPE  FOR  AIRCRAFT  NORMAL  STATE-8 

_ SERVICE  FLIGHT  ENVELOPE  FOR  AIRCRAFT  NORMAL  STATE-A 

- OUTER  BOUNDARY  OF  SERVICE  FLIGHT  ENVELOPES  FOR 

AIRCRAFT  NORMAL  STATES  REQUIRED  TO  COVER 
OPERATIONAL  FLIGHT  PHASE. 


Figure  7  TYPICAL  RELATIONSHIP  BETWEEN  OPERATIONAL  ENVELOPE  AND 

SERVICE  FLIGHT  ENVELOPE  FOR  A  GIVEN  FLIGHT  PHASE  REQUIRING 
TWO  NORMAL  STATES 
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6.2.6 


AS 


RP 


nd 


Lateral-directional  parameters 

roll  control  displacement 
first-order  roll  mode  time  constant 
yaw  control  displacement 

undamped  natural  frequency  of  the  Dutch  roll 
oscillation;  greater  than  zero  is  indicative  of 

positive  weathercock  stability  (3.3.7.  I) 

damping  ratio  of  the  Dutch  roll  oscillation 

27T 

damped  period  of  the  Dutch  roll,  T^=  ^  ^  jr 


0 

<6  d> 

’V  *2 


0. 


m*c 


0, 


bank  angle 

bank  angles  at  the  first,  second  and  third  peaks, 
respectively  (figures  8  and  9) 

roll  rate 

a  measure  of  the  ratio  of  the  oscillatory  component 
of  bank  angle  to  the  average  component  of  bank 
angle  following  an  impulse  roll  control  command 
with  yaw  control  free; 


r 


^  >  0-2  : 


0. 


&,  *05-  20x 

0,  *  +  ZQz 

0t-02 


Z 


0 


AV 


-  0-2. :  04r  «  i  (0,+  03  *  2<t>x) 


1 d 

f 


>  0  2  = 


/S 


sideslip  angle  at  the  center  of  gravity,  angle 
between  undisturbed  flow  and  plane  of  symmetry. 
Positive  or  right  sideslip  corresponds  to  incident 
flow  approaching  from  the  right  side  of  the  plane 
of  symmetry. 

the  maximum  change  in  sideslip  following  an  abrupt 
roll  control  pulse  command  within  time  t^j  ;  where 
is  the  lesser  of  6  seconds  or  one-half  the  Dutch 
roll  period,  and  is  measured  from  a  point  halfway 
through  the  duration  of  the  pulse  command  (figures 
8  and  9) 


TIME-SEC 

0  2  4  6  *  10  12  14 


Figure  9  ROLL-SIDESLIP  COUPLING  PARAMETERS 
LEFT  ROLLS 


time  for  the  Dutch  roll  oscillation  in  the  sideslip 
response  to  reach  the  n^1  local  maximum  for  a  right 
pulse  roll  control  command,  or  the  n^1  local 
minimum  for  a  left  command  (figures  8  and  9)-  The 
control  shall  be  moved  as  abruptly  as  practical  and, 
for  purposes  of  this  definition,  time  shall  be  mea¬ 
sured  from  a  point  halfway  through  the  duration  of 
the  pulse. 

phase  angle  expressed  as  a  lag  for  a  cosine  rep¬ 
resentation  of  the  Dutch  roll  oscillation  in  sideslip, 
where 

+(n- 1)360  degrees 
with  n  as  in  t  above 

at  any  instant,  the  ratio  of  amplitudes  of  the  bank- 
angle  and  sideslip  angle  envelopes  in  the  Dutch  - 
roll  mode  c 

Examples  showing  measurement  oi  roll-sideslip  coupling  parameters  are 
given  in  figure  8  for  right  rolls  and  figure  9  for  left  rolls.  It  should  be 
noted  that  since  3^  is  the  phase  angle  of  the  Dutch  roll  component  of  side¬ 
slip,  care  must  be  taken  to  select  a  peak  far  enough  downstream  that  the 
position  of  the  peak  is  not  influenced  by  the  roll  mode.  In  practice,  peaks 
occurring  one  or  two  roll  mode  time  constants  after  the  roll  control  input 
will  be  relatively  undistorted.  Care  must  also  be  taken  when  there  is 
ramping  of  the  sideslip  trace,  since  ramping  will  displace  the  position  of  a 
peak  of  the  trace  from  the  corresponding  peak  of  the  Dutch  roll  component. 
In  practice,  the  peaks  of  the  Dutch  roll  component  of  sideslip  are  located  by 
first  drawing  a  line  through  the  ramping  portion  of  the  sideslip  trace  and 
then  noting  the  times  at  which  the  vertical  distance  between  the  line  and 
the  sideslip  trace  is  the  greatest.' 

6.  3  Gain  scheduling.  Changes  of  mechanical  gearings  and  liability  aug¬ 
mentation  gams  in  the  flight  control  system  are  sometimes  accomplished  by 
scheduling  the  changes  as  a  function  of  the  settings  of  thrust  lift  angle  or 
devices  such  as  flaps  or  wing  sweep.  This  practice  is  generally  acceptable, 
but  gearings  and  gains  normally  should  not  be  scheduled  as  a  function  of 
trim  control  settings  sinte"  pilots  do  not  always  keep  aircraft  in  trim. 

6.4  Effects  of  aeroelasticity,  control  equipment,  and  structural  dynamics. 
Since  aeroelasticity,  control  equipment,  and  structural  dynamics  may  exert 
an  irrportant  influence  on  the  aircraft  flying  qualities,  such  effects  should 
not  be  overlooked  in  calculations  or  analyses  directed  toward  investigation 
of  compliance  with  the  requirements  of  this  specification. 
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6-  5  Application  of  Levels.  Part  of  the  intent  of  3.  1.  10  is  to  ensure  that 
the  probability  of  encountering  significantly  degraded  flying  qualities  be¬ 
cause  of  component  or  subsystem  failures  is  small.  For  example,  the 
probability  of  encountering  very  degraded  flying  qualities  (JLevel  3)  must 
be  less  than  specified  values  per  flight. 

6.  5.  1  Theoretical  compliance.  To  determine  theoretical  compliance  with 
the  requirements  of  3.  1.  10.2,  the  following  steps  must  be  performed: 

a.  Identify'  those  Aircraft  Failure  States  which  have  a  significant  effect 
on  flying  qu.  .ies  (3.  1.6.  2). 


b.  Define  the  longest  flight  duration  to  be  encountered  during  operational 
missions  (3.  1.  1). 

c.  Determine  the  probability  of  encountering  various  Aircraft  Failure 
States,  per  flight,  based  on  the  above  flight  duration  (3.  1.  10.2). 

d.  Determine  the  degree  of  flying  qualities  degradation  associated  with 
each  Aircraft  Failure  State  in  terms  of  Levels  as  defined  in  the  specific 
requirements. 

e.  Determine  the  most  critical  Aircraft  Failure  States,  ^assuming  the 
failures  are  present  at  whichever  point  in  the  Flight  Envelope  being  con¬ 
sidered  is  most  critical  in  a  flying  qualities  sense),  and  compute  the 
total  probability  of  encountering  Level  2  flying  qualities  in  the  Operational 
Flight  Envelope  due  to  equipment  failures.  Likewise,  compute  the  pro¬ 
bability  of  encountering  Level  3  flying  qualities  in  the  Operational  Flight 
Envelope,  etc. 

f.  Compa.  .  t  .omputed  values  above  with  the  requirements  in  3.1.10,2 

and  3.  1.  10-  L  \ 

\ 

If  the  requirements  are  not  met,  the  designer  must  consider  alternate 
courses  such  as: 

(a)  Improve  the  aircraft  flying  qualities  associated  with 
the  more  probable  Failure  States,  or 

(b)  Reduce  the  probability  of  encountering  the  more 
probable  Failure  States  through  equipment  redesign, 
redundancy,  etc. 

Regardless  of  the  probability  of  encountering  any  given  Aircraft  Failure 
States  (with  the  exception  of  Special  Failure  States)  the  flying  qualities 
shall  not  degrade  below  Level  3. 

6.  3.2  Level  definitions.  To  determine  the  degradation  in  flying  qualities 
parameters  lor  a  given  Aircraft  Failure  State  the  following  definitions 
are  provided: 
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a.  Level  1  is  better  than  or  equal  to  the  Level  1  boundary,  or  number, 
given  in  section  3. 

b.  Level  2  is  worse  than  Level  1,  but  no  worse  than  the  Level  2  boundary, 
or  number. 

c.  Level  3  is  worse  than  Level  2,  but  no  worse  than  the  Level  3  boundary, 
or  number. 

When  a  given  boundary,  or  number,  is  identified  as  Level  1  and  Level  2, 
this  means  that  flying  qualities  outside  the  boundary  conditions  shown,  or 
worse  than  the  number  given,  are  at  best  Level  3  flying  qualities  .  Also, 
since  Level  1  and  Level  2  requirements  are  the  same,  flying  qualities  must 
be  within  this  common  boundary,  or  number,  in  both  the  Operational  and 
Service  Flight  Envelopes  for  Aircraft  Normal  States  (3.  1.  10.  1).  Aircraft 
Failure  States  that  do  not  degrade  flying  qualities  beyond  this  common 
boundary  are  not  considered  in  meeting  the  requirements  of  3.  1.  10.2. 
Aircraft  Failure  States  that  represent  degradations  to  Level  3,  must, 
however,  be  included  in  the  computation  of  the  probability  of  encountering 
Level  3  degradations  in  both  the  Operational  and  Service  Flight  Envelopes. 
Again,  degradation  beyond  the  Level  3  boundary  is  not  permitted,  except 
for  Special  Failure  Stales. 

/  «  . 

6.  5.  3  Co mp utational  assumptions.  Assumptions  a  and  b  of  3.  1.  10.  2 
are  somewhat  conservative,  but  they  simplify  the  required  computations  in 
3.  1.  10.  2  and  provide  a  set  of  workable  ground  rules  for  theoretical  pre¬ 
dictions.  The  reasons  for  these  assumptions  are: 

a.  "...  components  and  systems  are.  ...  operating  for  a  time  period  per 
flight  equal  tc  the  longest  operational  mission  time.  ...*  Since  most  com¬ 
ponent  failure  data  ‘are  in  terms  of  failures  per  flight  hour,  even  though 
continuous  operation  .may  not  be  typical  (e.  g.  ,  yaw  damper  on  during 
supersonic  flight  only),  failure  probabilities  must  be  predicted  on  a  per 
flight  basis  using  a:  "typical9  total  flight  time.  The  "longest  operational 
mission  time*  as  "typical*  is  a  natural  result.  If  acceptance  cycles -to - 
failure  reliability  data  are  available  (MLL-STD-756),  these  data  may  be 
used  for  prediction  purposes  based  on  maximum  cycles  per  operational 
mission,  subject  to  procuring  activity  approvaL  Also,  finite  wearout  life 
components,  such  as  engines  at  maximum  take-o  f  thrust,  may  be  con¬ 
sidered  as  exceptions  and  failure  calculations  shall  be  based  on  maximum 
normal  operating  time  per  flight  in  these  cases,  again  subject  to  procuring 
activity  approvaL  In  any  event,  compliance  with  the  requirements  of 

3.  1.  10.  2,  as  determined  in  accordance  with  section  4,  is  based  o.  ixe  pro¬ 
bability  of  encounter  per  flight. 

b.  "...  -  failure  is  assumed  to  be  present  at  whichever  point.  ...  is  most 
critical.  ..."  This  assumption  is  in  keeping  *ith  the  requirements  of 

3.  1.6.2  regarding  Flight  Phases  subsequent  to  the  actual  failure  in  ques¬ 
tion.  In  cases  that  are  unrealistic  from  the  operational  standpoint,  the 
specific  Aircraft  Failure  States  might  fall  in  the  Aircraft  Special  Failure 
State  classification  (3.  1.6.2.  1). 
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6.  6  Superseding  data.  This  specification  supersedes  Military  Specification 
MIL-fi!-8501A  for  U.  S.  Air  Force  use. 


6.  7  Related  documents.  The  documents  listed  below,  while  they  do  not 
form  a  part  of  this  specification,  are  so  closely  related  to  it  that  their  con¬ 
tents  should  be  taken  into  account  in  any  application  of  this  specification- 

SPECIFICATIONS 


Military 


MIL- C- 50 11 
MU  5711 


MIL -M- 77 00 
MIL-G-3S4-7S 
MIL-S-2501 5 


Charts;  Standard  Aircraft  Characteristics  and  Performance, 
Piloted  Aircraft 

Structural  Criteria,  Piloted  Airplanes,  Structural  Tests, 

--Flight 

Manual,  Flight 

General  Requirements  for  Angle  of  Attack  Eased  Systems 
Spinning  Requirements  for  Airplanes 


STANDARDS 


MIL-STD-882  System  Safety  Program  for  Systems  and  Associated 
Subsystems,  and  Equipment;  Requirements  for. 


PUBLICATIONS 


AFSC  Design  Handbook,  Series  1-0  and  2-0 

Background  Information  and  User  Guide  for  a  Military  Specification  for 
V/STOL  Flying  Qualities.  AFFDL-TR-70-88  (March  1971) 

Preparing  Activity: 

Air  Force  -  1 1 

Project  No.  1500-0086 


Custodians: 
Army  - 
Navy  - 

Air  Force  -11 
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13  ABSTRACT 


This  document  is  published  in  support  of  Military  Specification  MIL-F* 
83300,  "Flying  Qualities  of  Piloted  V/STOL  Aircraft". 

The  Specification  was  compiled  after  an  extensive  literature  review  and 
many  meetings  and  discussions  with  personnel  from  essentially  all  concerned 
civilian  and  governmental  organizations.  This  report  attempts  to  explain  the 
concept  and  philosophy  underlying  the  V/STOL  Specification  and  to  present 
some  of  the  data  and  arguments  upon  which  the  requirements  were  based. 


The  document  should  also  serve  as  a  summary  of, the  state  of  the  V/STOL 
flying  qualities  art  as  determined  from  flight  test,  simulation,  analysis, 
and  theory. 
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